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he Invention 5 This invention relates generally to sem conductor

structures and to a nethod for their fabrication, and nore specifically to
conpound seolowsesdect or structures and to the fabrication roiussBo42b9

sem conductor structures that 10 include a nonocrystalline conpound

sem conductor material. Background of the Invention The vast majority of

sem conduct or discrete devices 15 and integrated circuits are fabricated
romsilicon,' at least in part .because of the availability of inexpensive,
nigh quality nonocrystalline sigEMIUONDUCTORISIRUCIURE seni conductor
materials, such as the so called conpound sem conductor naterials, have

ohysi cal attributes, 20 including w der bandgap and/or higher nobility than
5ilicon, or direct bandgaps that nakes these materials advantageous for
certain types of sem conduct or Unfortunatel y, conpound

sem conductor materials are eﬁ I?fnﬁéﬁ ﬁavg g}ﬁﬁn5|ve than silicon and
are not 2o available in |arge mafers as is silicon. @Gllium arsenide

GaAs), the nost di .y _avai.l abl
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The vast majority of semiconductor discrete devices

15 and integrated circuits are fabricated from silicon, at
least in part because of the availability of inexpensive,
high quality monocrystalline silicon substrates. Other
semiconductor materials, such as the so called compound
semiconductor materials, have physicalrattributes,

20 including wider bandgap and/or higher mobility than
silicon, or direct bandgaps that makes these materials
advantageous for certain types of semiconductor devices.
Unfortunately, compound semiconductor materials are

) generally much more expensive than silicon and are not

25 available in large wafers as is silicon. Gallium arsenide
(GaAs), the most readily available compound semiconductor
material, is available in wafers only up to about 150
millimeters {(mm) in diameter. In contrast, silicon wafers
are available up to about 300 mm and are widely available

30 at 200 mm. The 150 mm GaAs wafers are many times more
expensive than are their silicon counterparts. Wafers of
other compound semiconductor materials are even less
available and are more expensive than GaAs.

Because of the desirable characteristics of compound

35 semiconductor materials, and because of their present




many years attenpts have been made to grow thin filnms of the conpound

sem conductor materials on a foreign substrate. To achieve opti w3 AUG 2004
characteristics of the 5 conpound sen conductor material, however, a

nonocr yst aWDioms9g2el m of high crystalline quality is desirembTamammmms have
been nade, for exanple, to grow I|ayers of a nonocrystalline conpound

sem conductor- material on germanium silicon, and various insulators. 10
These attenpts have generally been unsuccessful because |lattice m smatches
bet ween the host crystal and the grown crygstal have caused the resulting
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and not |in1¢ay$bm1|havﬁecaugsdpahyumgaukynng;thxn film of compound

semiconductor material to be of low crystalline quality.
If a large area thin film of high quality
15 monocrystalline compound semiconductor material was
available at low cost, a variety of semiconductor devices
could advantageously be fabricated in that film at a low
cost compared to the cost of fabricating such devices on a
bulk wafer of compound semiconductor material or in an
.20 epitaxial film of such material on a bulk wafer of
compound semiconductor material. In addition, if a thin
film of high quality monocrystalline compound
semiconductor material could be realized on a bulk wafer
such as a silicon wafer, an integrated device structure
25 could be achieved that took advantage of the best-
properties of both the silicon and the compound
semiconductor material.
Accordingly, a need exists for a semiconductor
structure that provides a high quality monocrystalline
30 compound semiconductor film over another monocrystalline
material and for a process for making- such a structure.

Brief Description of the Drawings
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whi ch i _ke references indicate simlar elenents, and in which: 5 FEIGS._1
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FIG. 6 includes an illustration of a block diagram of

a portion of a communicating device;
FIGs. 7-11 include illustrations of cross-sectional

15 views of a portion of an integrated circuit that includes
a compound semiconductor portion, a bipolar portion, and

an MOS portion; and _
FIGs. 12-18 includes illustrations of cross-sectional

views of a portion of another integrated circuit that
20 includes a semiconductor laser and an MOS transistor.
Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example,
) the dimensions of some of the elements in the figures may
25 be exaggerated relative to other elements to help to
improve understanding of embodiments of the present

invention.

Detailed Description of the Drawings
30
FIG. 1 illustrates schematically, in cross section, a
portion of a semiconductor structure 20 in accordance with
"an embodiment of the invention. Semiconductor structure
20 includes a monocrystalline substrate 22, accommodating
35 buffer layer 24 comprising a monocrystalline material, and
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28 positioned between substrate 22 and accommodating
buffer layer 24. Structure 20 may also include a template
layer 30 between the accommodating buffer layer and
compound semiconductor layer 26. As will be explained
more fully below, the template layer helps to initiate the
growth of the compound semiconductor layer on the
accommodating buffer layer. The amorphous intermediate
layer helps to relieve the strain in the accommodating
buffer layer and by doing so, aids in the growth of a high
crystalline quality. accommodating buffer layer.

Substrate 22, in accordance with an embodiment of the
invention, is a monocrystalline semiconductor wafer, '
preferably of large diameter. The wafer can be of a
material from Group IV of the periodic table, and
preferably a material from Group IVA. Ekamples of Group
IV semiconductor materials include silicon, germanium,
mixed silicon and germanium, mixed silicon and carbon,
mixed silicon, germanium and carbon, and the like.
Preferably substrate 22 is a wafer containing silicon or
germanium, and most preferably is a high quality
monocrystalline silicon wafer as used in the semiconductor
industry. Accommodating buffer layer 24 is preferably a
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01/ 59820 PCEMIIFThUW jotgrmediate layer, the strain may cause ects
15 in the crystalline structure of the accommodating buffer

layer. Defects in the crystalline structure of the
accommodating buffer layer, in turn, would make it
difficult to achieve a high quality crystalline structure
in monocrystalline compound semiconductor layer 26.

20 Accommodating buffer layer 24 is preferably a
monocrystalline oxide or nitride material selected for its
crystalline compatibility with the underlying substrate
and with the overlying compound semiconductor material.
For example, the material could be an oxide or nitride

25 having a lattice structure matched to the substrate and to
the subsequently applied semiconductor material.

Materials that are suitable for the accommodating buffer
layer include metal oxides such as the alkaline earth
.metal titanates, alkaline earth metal zirconates, alkaline

30 earth metal hafnates, alkaline earth metal tantalates,
alkaline earth metal ruthenates, alkaline earth metal
niobates, alkaline earth metal vanadates, alkaline earth
metal tin-based perovskites, lanthanum aluminate,
lanthanum scandium oxide, and gadoiinium oxide.

35 Additicnally, various nitrides such as gallium nitride,
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attributed to mismatches between the lattice constants of
15 substrate 22 and accommodating buffer layer 24.
Typically, layer 28 has a thickness in the range of
approximately 0.5-5 nm.
The compound semiconductor material of layer 26 ‘can
be selected, as needed for a particular semiconductor
20 structure, from any of the Group IIIA and VA elements
(IIT-V semiconductor compounds), mixed III-V compounds,
Group II{A or B) and VIA elements (II—VI-semiconductor
compounds), and mixed II-VI compounds. Examples include
gallium arsenide'(GaAs), gallium indium arsenide (GaInAs), )
25 gallium aluminum arsenide (GaAlAs), indium phosphide
(InP), cadmium sulfide (CdS), cadmium mercury telluride -
(CdHgTe), zinc selenide (ZnSe), zinc sulfur selenide
(ZnssSe), and the like. Suitable template materials
chemically bond to the surface of the accommodating buffer
30 layer 24 at selected sites and provide sites for the
nucleation of the epitaxial growth of the subsequent
compound semiconductor layer 26. Appropriate materials
for template 30 are discussed below.
FIG. 2 illustrates, in cross sectionh, a portion of a
35 semiconductor structure 40 in accordance with a further



7 enbodi nent of the invention. Structure 40 is simlar to the prevui_guib%
descri bed seni conductor structure 20 except that an additional bufte 2004
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nonocr yst a¥¢ o8z conpound sem conductor material 26. SpecPCra&Dd1/84204 he
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The following non-limiting, illustrative examples
15 illustrate various combinations of materials useful in
structure 20 and structure 40 in accordance with various
alternative embodiments of the invention. These examples
are merely illustrative, and it is not intended that the
invention be limited to these illustrative examples.

20
Example 1

In accordance with one embodiment of the invention,

monocrystalline substrate 22 is a silicon substrate

25 oriented in the (100) direction. The silicon substrate
can be, for example, a silicon substrate as is commonly
used in making complementary metal oxide semiconductor
(CMOS) integrated circuits having a diameter of about 200-
300 mm. In accordance with this embodiment of the

30 invention, accommodating buffer layer 24 is a
monocrystalline layer of Sr,Ba, ,TiO, where z ranges from 0
to 1 and the amorphous intermediate layer is a layer of
silicon oxide (Si0,) formed at the interface between the
silicon substrate and the accommodating buffer layer. The

35 wvalue of z is selected to obtain one or more lattice
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embodi ment Qfowdifer | "WRAEKER, 1 %r wehAlgd rif‘a}&fméﬂ@a €3 £2nb8aéqsi | rhan
substrate as described, above. conmodat buffer 35 layer is a

a
nmonocryst al 13 b thEFWSHPPEﬁI AYEXr D RMige pansbaye a
PCTI USO1/ 04208 ckness of about 0.5-5 nm, and preferably a thickness of

about 1.5-2.5 nm.
15 In accordance with ;his embodiment of the invention,
compound semiconductor material layer 26 is a layer of
gallium arsenide (GaAs) or aluminum gallium arsenide
(AlGaAs) having a thickness of about 1 nm to about 106
micrometers (um) and preferably a thickness of about 0.5
20 pm to 10 pm. The thickness generally depends on the
application for which the layer is being prepared. To
facilitate the epitaxial growth of the gallium arsenide or
aluminum gallium arsenide on the monocrystalline oxide, a
template layer is formed by capping the oxide layex. The .
25 template layer is preferably 1-10 monolayers of Ti-As, Sr- )
O-As, Sr-Ga-0, or Sr-Al-O. By way of a preferred example,
1-2 monolayers of Ti-As or Sr-Ga-O have been shown to

successfully grow GaAs layers.
30 Example 2

In accordance with a further embodiment of the
invention, monocrystalline substrate 22 is a silicon
substrate as described above. The accommodating buffer

35 layer is a monocrystalline oxide of strontium or barium




.zirconate or hafnate in a cubic or orthorhonbic phase with an armr-johaa
I nternmedi ate | ayer of silicon oxide forned at the interface betvveé;h ;@G 2004
silicon substrate and the accommodating buffer |ayer. The accommodati ng

buf fer 5 layeis®sn have a thickness of about 2-100 nm and poreseweabésy has a
thickness of at least 5 nmto ensure adequate crystalline and surface
quality and is fornmed of a nonocrystalline SrZrG3, BaZr (O3, SiHf 03, BaSn(3

or BaHf 03. For exanple, a nonocrystalline oxide |layer of BaZr(3 can 10

grow at a tenperature of about 700 degreesy C. The lattice structure of the

resul ting crystalbline %?a%‘af‘i‘-fg?ﬂé“fﬁ 2 Aibi Y BRI diids Y ;%ﬁ'aéésvl??ﬁh to

the substrate silicon ttice structure. An accompdati ng, fer | ayer
formed of thadeansrphoysnindeametiats elmrerqu%lhsccsrm%ﬁi% Feymedeat

gr O\tNth % ceﬁeogﬁ@;e&@%@%@wegn rmiee[sﬂls:dm é{ﬂ%ﬁﬂd‘.}éﬂan@f'ﬂwhl de <(:| | nP)
system e conpound, senic ctor, materi can or e i ndi um
phosphi de (IﬁPFOHF'o ﬁ&PGrrgg‘g Turhayedeni d'lg"e( Iar?é?ﬂg'} %%%‘?ﬁ?iﬁkness of
.20 albout 51. Og.amai‘oc&ﬂ AavA auithdkikmespfataboar 24100 rmdramdure is 1-10
nmonol ayers of _zirconium arsenic¢ .(Zr- 2|r m.ph hor u Zr - P),

haf ni um arseﬁrﬁk?ﬁf'-g;gﬁashgf kﬁ?ﬂ(ﬁti&?&gpﬁgr us ?%FSE) S i S er?sw.(ré
strontium oxggequateeqtysgsilﬁineAa)'z,d mmmwmgmﬁw@rog P),
bar | i ox9e8 dondEpeBLE1L Hle sigho, ) BAEDL! EHHAGIT ﬂééwoﬁefnaa?ﬁfeg or

bari um oxygen- p rus (Ba- O - pretera ayers of one
of these matBe¥ gxamplengy, B?nQﬁI“Y§%&|4ﬂ41§e PEidg Bavesmos Bafide can

accomoglgt i ngrbbifdera L %%ratb@eswf ageuts 706" debreed \d.t h The? TaWicwers
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sem conduct cdegméeerr@ttatfimm‘#i\em nelspasntphosphedsubysranna sitlierorgr own on

the tenpl at e NE ot lting lattice structure of the conpound
sem conduct glfé%' n%tg'e-rl %I bits a 45 degree rotation with respect to the

i- 3 AUG 2094 mDM/mq@quwéﬁgnglayer formed of these
15 zirconate or hafnate materials is suitable for the growth

of compound semiconductor materials in the indium -
phosphide (InP) system. The compound semiconductor
material can be, for example, indium phosphide (InP) or
indium gallium arsenide (InGaAs) having a thickness of

20 about 1.0 nm to 10 pm. A suitable template for this
structure is 1-10 monolayers of zirconium-arsenic (Zr-As),
zirconium-phosphorus (Zr-P), hafnium-arsenic (Hf-As),
hafnium-phosphorus (Hf-P), strontium-oxygen-arsenic (Sr-0O-

) As), s;rontium—oxygen;phosphorus (Sr-0-P), barium-oxygen-

25 arsenic (Ba-0-As), indium-strontium-oxygen (In-Sr-O}, oxr
barium-oxygen-phosphorus (Ba-0-P), and preferably 1-2
monolayers of one of these materials. By way of an
example, for a barium zirconate accommodating buffer
layer, the surface is terminated with 1-2 monoclayers of

30 zirconium followed by deposition of 1-2 monolayers of
arsenic to form a Zr-As template. A monocrystalline layer
of the compound semiconductor material from the indium
‘phosphide system is then grown on the template layer. The
resulting lattice structure of the compound semiconductor

35 material exhibits a 45 degree rotation with respect to the




10 accommodating buffer layer lattice structure and a lattice m sihmg anuio ]
(100) InP of less than 2.5% and preferably |ess than about 1.0% i 2004

Exanple 3 I n accordance with_a further enbodi nent of the invention, a
structure WaOpp¥2Pded that is suitable for the growth of #ACEPSWIAHRZE film
of all-VI material 10 overlying a silicon substrate. The substrate is
preferably a silicon wafer as descri bed above. A suitable accomvodati ng
buffer layer material is SrBal_, Ti O3, where x ranges fromO to 1, having a
t hi ckness of about 2-100. nm and preferabl@ a thickness of about 5-15 nm
The I1-VI 15 aeapoundatintcbnfierodayerediaglt icen stgsudtoarexangdl 2, lathdce

seleni de (ZnSpsRicdhEosyhbbl 38beBEITELLNEHEL s SUldd @#gﬁygaﬁ for

this material_ systeminc|udes 1- nonol ayers o "Z1 nc- oxy
fol | oned by 1.%?SrEPEPa§%?§to¥ 8#%-excess of zinc follomed by the 20

sel enidation of zinc on the surface. Alternatively, a tenplate can be, for
exanple, strontiumsulfur (Sr-S) followed by the ZnSeS. Exanple 4 25 This
embodi men? of the invention is an exanP¥@B{& 3tructure 40 illustrated in
FIG 2. Substrate 22, nnnocrystalline oxi de layer 24, and nonocrystalline

conpound sem cond tor rial er_26 ¢ be s n1|ar to hose
described in examl?)kl%e afcq#aé}fcﬁ o np%ﬁtgﬁ?*'oﬁ o pept, qug €32 serves
to all evi at e iaverndticai na tdtatuatiughe 136§m¢vidednthan1isa@ﬁiuﬁblémfdrysta

Lgaééfisf;|fpne gg%?@%ﬁgﬁitor%E%%ﬁ%léf“%i&@ngff%e£?a¥§ &% can e a gallium

ar seni detbhoSBRF¥i0gaAs sl icprosubrhiahe - @h@@gbanrmeomgszo
PCTI US01/ 0428Pefdraball uminhesphwiE drt adalesddi 568 25BovRTPERS#AT able

accommodating buffer layer material is Sr,Ba,  Ti0O,, where x
rangés from 0 to 1, having a thickness of about 2-100 nm
and preferably a thickness of about 5-15 nm. The II-VI

15 compound semiconductor material can be, for example, zinc
selenide (2ZnSe) or zinc sulfur selenide (ZnSSe). A
suitable template for this material system includes 1-10
monolayers of zinc-oxygen (Zn-0) followed by 1-2
monolayers of an excess of zinc followed by the

20 selenidation of zinc on the surface. Altermatively, a
template can be, for example, strontium-sulfur (Sr-S)
followed by the ZnSeS.

Example 4 -
25 )
This embodiment of the invention is an example of

structure 40 illustrated in FIG. 2. Substrate 22,
monocrystalline oxide layer 24, and monocrystalline
compound semiconductor material layer 26 can be similar to

30 those described in example 1. In addition, an additional
buffer layer 32 serves to alleviate any strains that might
result from a mismatch of the crystal lattice of the
accommodating buffer layer and the lattice of the
monocrystalline semiconductor material. Buffer layer 32

35 can be a gallium arsenide phosphide (GaAs,P, ) or indium




superlattice. In the gallium arseni de phosphide superlattice the y,abu U@ 04
ranges fromO to 1, and in the indiumgallium phosphide superlattrce h@
alue of y 5 ranges fromO to 1. By so varying the value of x or y, as the
case my Wwe o1segel attice constant is varied from bottom treTyoseragzess t he
superl attice to create a match between lattice constants of the underlying
oxi de and the overlying conpound seni conductor nmaterial. The 10

super| attice can have a thickness of about 50-500 nmand preferably has a

hi ckness of about 200-100 nm The terrpl;gie for this structure can be the

sanme of that,_ gesgd %éﬂhﬁ@n@ Bﬁ,l tﬁf@iﬁV@ém eﬁggtgaffer | ayer can
e a |layer o ? nongcrystalline gggz n1haV|n%2§4%nth|c s of 1-50 nm
and pr ef er abPYPREFALE 1€ -hi ith HEuBTE pPhos ‘f‘?g a germani um
uf fer layergyupg erﬂ.ﬁﬁl&':.@i_?e dlﬁ/@ram‘e @fﬁl bLeEag@élm]lcﬁrwm -Gty®nt, wad I@mStheor
;ernanlun}tlta lum | Al tnlickn Qf _ a ut ayer can
be used. Thel\El %5‘61116'?)"’[ ﬁ’g‘ eI W] r§8%t§c§a8:% \Pa egon?Pér a

Tonol ayers Ofraﬁgest Earomo0 &o rmnotBaryfslo vhryingnitie t\(a]a,ui afs 20 omicy eadsng
ite for the pgubseauanl, dePofitl qucll bhe NRRAGE Sf e eyl um | The

monol ayer oftg?rg roti‘taniump nucleating site to which the
i rst nonol dyettoh fer kep AEross @ém §§RG1‘1E%§#]§IGet53 FHeAtS Anat@nso

ITustrates yatgrial ?a%%w coRs®ansd gkl EﬁéuﬁﬁdéQ- %&ﬂ? ldssitdentael utmgl G

?. Substrate material 22, accqommmodat i ng % nocrystalline
sonpound ser@YORHYERSr CREPEMAE) Sﬁﬁ}an BCEﬁEI' F'@Frﬁ - 30 ban be the
same asibhosfusesTat Pedeabarehaite aXahﬁbEnésslbfadH)Wtorso-zsdmfrﬁleraﬁdiyer 32

U 2004 WORFE ST PR BSD 11 BASts ShoRBeRysea ey Sllmodtt o
senm conduct arenptare aforaybis sﬂ’hectauréecanalyertha tameheof whadcrystal line
°en]condUCt%Escr1bed in example 1. Alternatively, the buffer layer
can be a layer of monocrystalline germanium having a
15 thickness of 1-50 nm and preferably having a thickness of
about 2-20 nm. In using a germanium buffer layer, a
template layer of either germanium-strontium (Ge-Sr) oxr
germanium-titanium (Ge-Ti) having a thickness of about one
monolayer can be used. The formation of the oxide layer

AT — VO PN —= S5O VDSV O OO

20 is capped with either a monolayer of strontium or a
monolayer of titanium to act as a nucleating site for the
subsequent deposition of the monocrystalline germanium.
The monolayer of strontium or titanium provides a

) nucleating site to which the first monolayer of germanium

25 can bond.

Example 5

This example also illustrates materials useful in a
30 structure 40 as illustrated in FIG. 2. Substrate material
22, accommodating buffer layer 24, monocrystalline
compound semiconductor material layer 26 and template
layer 30 can be the same as those described above in
example 2. In addition, a buffer layer 32 is inserted
35 between the accommodating buffer layer and the overlying




material, can be, for exanple, a graded |layer of indium gallium arsenide

| nGaAs) in which the indium conposition 5 varies fromO0 to about =43%AUFTh200%
buffer |ayer' preferably has a thickness of about 10-30 nm Varying the
conposi ti owoaf/sese buffer |ayer from GaAs to | nGaAs serves PCTUBGOMRGE a
|attice match between the underlying nonocrystalline oxide material and

t he overlying |layer of 10 nonocrystalline conpound sem conductor naterial.
Such a buffer layer is especially advantageous if there is a lattice

m smat ch bet ween accommodating buffer | ayexr224 and nonocrystalline
conmpound senimondueystalhirei ebmpayad 2emikeirhidtey agaierial Fl&perl and 2,
¢

I
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substrate 22 j.s_a st al L ubstrate such.as a monocrystalline
silicon subst'ir,lg? e}?u#?ggg?§§%%rl nghgﬁ%& ﬁ?g%gfyts#gqlﬁﬁ%c?%}%?%aﬂgtor
substrate is mhkentadiican by, afbat ekempiensagraded Byayer avfi trdium

ori entati on. b | é’gﬂ]ﬁqr at.i b er | ' a
monocrystal | i%agj':ﬂzlghrrg%serl a gaﬁﬁnéﬁggmgi %}elE%P 'lt&?ulfgt J'rlrloéﬁ%%ﬁ yé%£$%%§8n
material Ps RFERE cErom P bio sabauti 48%conThenbuifera layes preberahlut i on.

The lattice qanstantsi@indde SECABIREAbDF0 AT eakPioly Ak t he
monocrystalline substrate e closely matched of, alternatively, nust

f St

be such that SHTRPEIW &5 e iPehEeEriRYar 5xPBnFafsolWitNP3AS RRYVES
the other Ctt)tﬁt;ﬂ}r?xﬂirdeerﬁ aIaitm]i.hcea whatbSh alﬂéii:‘géeﬁatﬁél iuﬁdb&{ltyii&@ gonst ants
is achieved. In this.cont.ext the. terns _.supbstanija equal " an -
"subst ant i al f";‘?nr?é:tr?ﬁsé:(?cj‘rl h O T?‘\%’?’é@g %’lﬁ%f fje?eﬂ%eEﬁ'Pﬁllnﬁ ia"ﬁ}'%t%en -
the | at tlike 8OnosnHshaldine mpampdurndeamiveidedtar hinghequalli.t y Such a
crystalline YA I LT ust r ically
the relati on%ﬁ?%%g? rlaéfl%g gc%ﬂi%eé\?aélbﬁ&%li [ (;%[(dnve{ét%??%ﬁégrgan{:%%%t g1saPJ;yer of
hi gh crystatRERACGUEEIAtER Retwean GrasmmcdatingebeRfost wayer3z4 rnd
I
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attice. congbasteystalllénBosbmpoyiclseMit et O mdteBiAVG120Q4 We

D1/ 59820 PCT/ US01/04209.13 _crystal. rve 42 jillustrates the boundary of
e %o F 2,

erring agalin S. 1 an substrate 22 is &

M g 15 monocrystalline substrate such as a monocrystalline
silicon substrate. The crystalline structure of the
monocrystalline substrate is characterized by a lattice
constant and by a lattice orientation. In similar manner,
accommodating buffer layer 24 is also a monocrystalline

20 material and the lattice of that monocrystalline material
is characterized by a lattice constant and a crystal
orientation. The lattice constants of the accommodating
buffer layer and the monocrystalline substrate must be
closely matched or, alternatively, must be such that upon

25 rotation of one crystal orientation with respect to the
other crystal orientation, a substantial match in lattice
constants is achieved. 1In this context the terms
"substantially equal®" and "substantially matched" mean
that there is sufficient similarity between the lattice

30 constants to permit the growth of a high quality
crystalline layer on the underlying layer.

FIG. 3 illustrates graphically the relationship of
the achievable thickness of a grown crystal layer of high
crystalline guality as a function of the mismatch between

35 the lattice_constants of the host crystal and the grown

——



.crystalline quality material. The area to the right of curve 42 re rﬁ@?”éﬁ
| ayers that tend to be polycrystalline. Wth no lattice ni smat ch,~ 04
theoretically possible to grow an infinitely thick, high quality epltaX|aI

| ayer on wbanfss®o crystal. As the- mismatch in lattice CONBCHUSE /042091 eases,
the thickness of achievable, high quality crystalline | ayer decreases
rapidly. As a reference point, for exanple, if the lattice 10 constants

bet ween the host crystal and the grown | ayer are msnatched by nore than
about 2!k, nonocrystalline epitaxial |ayess-in excess of about 20 nm

cannot be ashyevad. Imweoadamgeuwt&&t@mew@qﬁufﬁarﬁfoﬁmelgnvention,

15 substrate 22 1 111) oriente pronocr talline can waf er
and accommo“éﬂ’ﬂt] EJS#IE q?“ﬁ@éFg' R:gr&q aye& ofarsetaﬁﬁﬁ Wb’é’rﬁﬂﬁ{;n ?fQ't anat e.
Subst anti al axmtedéi 48 pépréathtselapesbanbhatbelendend ese two materials is
achieved b rys orLe t te, 20 materi a
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waf er. Tﬁe|UhﬂQE¢bncahﬂYhBOSSLbbetnpegﬁbwaﬁnrpﬂdﬂmmhﬁkyfthcﬁayblgh4, a
silicon oxi d@k alfPlebidfi $1 CIAPRL ConS ERECROLE LEYEAI! M ald it he

titanate non rysta |ne ayer t m ght result m any 25 msmatch _in
the |attice "WeRALFR sinf qtﬁél%s@%ﬁﬁesﬁ ipgrepsssd tthe dgitvvaknresanate
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In accordance with one embodiment of the invention,

15 substrate 22 is a (100) or (111) oriented monocrystalline
silicon wafer and accommodating buffer layer 24 is a layer
of strontium barium titanate. Substantial matching of
lattice constants between these two materials is achieved
by rotating the crystal orientation of the titanate

20 material by 45° with respect to the crystal orientation of
the silicon substrate wafer. The inclusion in the
structure of amorphous interface layer 24, a silicon oxide

layer in this example, serves to reduce strain in the
) titanate monocrystalline layer that might result from any

25 mismatch in the lattice constants of the host silicon
wafer and the grown titanate layer. As a result, in
accordance with an embodiment of the invention, a high
quality, thick, monocrystalline titanate layer is
achievable.

30 8till referring to FIGS. 1 and 2, layer 26 is a layer
of epitaxially grown monocrystalline compound
semiconductor material and that crystalline material is
‘also characterized by a crystal lattice constant and a
crystal orientation. To achieve high crystalline quality

35 in this epitaxially grown layer, the accommodating buffer .




llayer nust be of high crystalline quality. In addition, in order tQ 3 Aug 2004
achieve high crystalline quality in layer 26, substantial matchind between
the crystal lattice constant of the host crystal, in this case, the

nonocr yst V0i0wedIBeaccommodati ng buffer layer, and the gr owmPCHYS1M249s
desired. Wth properly selected materials this substantial matching of

| attice constants is achieved as a result of rotation of the crystal
orientation of the growmm crystal with respect to the orientation of the

host 10 crystal. If the grown crystal is ga#lium arsenide, alum num

gal | i um ar senlagerzmoets decnifddigh atysralilling queel By de anda@iétion,

accommodat i ng,; bu | ayer. | S ' . Ti.(8, . subst ant L.al
mat chi ng of Jél?yé%g%rl g tlaggﬁcea}r:ég?l ;}%[ﬁs/ %%%aerie]ﬁv%x);%%]ﬁ%sl?s igegck?’-éved,
wher ei n the csylsshanbindnmaticliingf hetwegmowhe lapstak kattied bgngSamui t h
respect tot | en}aLE0 the ;hosh, 4 s i 9&%’ i Larly,
i f the host nr%faﬁtgallrl:éa{la%g grgtg}:g%t'i Lllnl?l’l oﬁhlt%r%%ﬁgn%’z?t?{céor{ﬁaktﬁ% or %t%ﬁg}ﬁ%i um or
bar i um haPnatacepmmadatingi Bubkede layen, hanso sy 20 sefyeoatiutsor | ayer
i's indium phedi€Aeq0r Wwathi PropRelYyNsedbtRidd haerdlE M & ndi um

arseni de, substanti al , nﬁtchl ng_ of r_ylstal, | atti ce constants can be

achi eved by ﬁﬁhﬁQQRfl? 3L FRARG: PO 1BELERE GPBRT Lt FCHARVEY a8 Rith
respectdto th&dﬁ%ﬂ dfifht@%ﬂéhabf tﬁesg&gsh&&ta&d%mﬁ?tﬂﬂh(Hﬁﬁﬁﬁé|§ﬁ6wnd
sem conduct or r er_bet n ost . _oxide an r.0 conmpoun
sem conductorcrlt}gsfear Jan erefgéggtsgrgﬂﬁc@%ﬁ‘ﬁ?ﬁ"?ﬁ" ng}%\ﬂP\A&

monocr ysk@l | Frystedpoulifl e goodocevystajeist gall liughansesnilde from snal

di fferences hﬂuh??xh'ﬁ%ﬁ%ﬁr@?fseﬁf&é?rzfﬁéﬁsgﬁhéhﬁaesoog“aéi'n?' Elblnlftple
grown nonocrystal [ I ne conpoun sem conhductor [ayer can théreby be .
achi eved. Th8elsnigs m@detdplaceomredating hupferedayernisaccordance with

one enbodi MeRbnebri/ke ailnvigd isyyaaggqrio Absulsst argi 81 SRAteRRAYCLHIF Structure
such as the 35 siructures depict 1 Aéf%hé @Qg %étgggagrocess starts 3
AUG 2004 \/\06’9’%%%;0 PEFA oGRS S 1s
15 achieved, wherein the crystal orientation of the grown
layer is rotated by 45° with respect to the orientation of
the host monocrystalline oxide. Similarly, if the host
material is a strontium or barium zirconate or a strontium’
or barium hafnate or barium tin oxide and the compound
20 semiconductor layer is indium phosphide or gallium indium
arsenide or aluminum indium arsenide, substantial matching
of crystal lattice constants can be achieved by rotating
the orientation of the grown crystal layer by 45° with
respect to the host oxide crystal. In some instances, a )
25 crystalline semiconductor buffer layer between the host
oxide and the grown compound semiconductor layer can be
used to reduce stfain in the grown monocrystalline
compound semiconductor layer that might result from small
differences in lattice constants. Better crystalline
30 gquality in the grown monocrystalline compound
semiconductor layer can thereby be achieved.

The following example illustrates a process, in
accordance with one embodiment of the invention, for
fabricating a semiconductor structure such as the

35 structures depicted in FIGS. 1 and 2. The process starts



15 by providing a nonocrystalline sem conductor substrate conprisi na
silicon or germanium In accordance with a preferred enbodi ment =03 ALG 2004

i nvention, the sem conductor substrate is a silicon wafer having a (100)
ori ent at i w0 0f598ve substrate is preferably oriented on axiBCTUS004249 NDSt ,
about 0.S off axis. At least a portion of the sem conductor substrate has
a bare surface, although other portions of the substrate, as described

bel ow, may enconpass other structures. The term"bare" in this 10 context
means that the surface in the portion of Lhe substrate has been cleaned to

Ir( enove gny ohiydgﬂ-oviﬁxtngira' nmﬁ@crygtacmlhiafe f el gondet eotabubAsragevel 11

nown, bare eactiv readi]y natiye_oxi de.

The term' ba?:gkdp%gq;iln (I} (tym{ cﬁﬁﬁ%a?ﬁg suc aégéﬁ%nﬁ'?l Héu]Aat hi n

silicon oxi dpredgraesd a:néoodmasm |Qﬁ16ﬂhq1 igrmt'mn.t hehe esembadudtictor

substrate, h%ggmesq@aa rlq] c?q%ll %M P‘H@i 6&&9@“@580%5 in
n order aX| a

accordance wth the i nvention
monocr ystial | The §xed nadperl sownnefavaP1a0 qm@nﬁﬁd)@rysa:awuwé, sﬁbsmﬂate t he’

native oxi deabauer oMsst orki aghsbe AEMPMELLt 9 pyReISn! BF Enestal line
structure of the underly| ng substrate. The follow ng process is
preferably cEPPieangictey shbsiypie @é&nﬁeﬁatrz%()ﬁu(rl%er ahehoughvetbrrde

can be renpvedrbyohisr of ther @&Hs)ﬁr&iedeagsabls&ﬁ-ﬂae@lﬁéicﬁwermﬁ strontium .
in an MBE apparat us. Eg gtra&e IS thg,glﬁh%at ed er af ure of
about 750 CCPECTREEE P egtﬁ CGHrEg re ST ¢ @’??atl tR1%i con oxi de
| ayer. TRe stomipextimmesnsethtib thduserfhee snl ithen pottdert mf adwe a silicon

oxide-free SUilotraed "RadOpben k] 80he g L6EEMN! Gy KlYdS an of dered 2x1

styucture, cludes strontium oXygen, Thé™ ordered 2x1
structure fIQRtaMiRARESL cOF oPthet Hpreigd mgt@mnlof &% dwemedlng | ayer of

a rmnocry_sta&ﬂdvne %ﬂ@lsdmoﬁemlﬁi@cﬁoyéae&weaﬁacmmwﬁml aand
physical - ag¥#%zg¥¥5e 01/53%%0 bareksollgﬁ%ggded to encompass
15 such a native oxide. A thin silicon oxide wmay also be
intentionally grown on the semiconductor substrate,
although such a grown oxide is not essential to the
process in accordance with the invention. In order to
epitaxially grow a monocrystalline oxide layer overlying
20 the monocrystalline substrate, the native oxide layer must
first be removed to expose the crystalline structure of
the underlying substrate. The following process is
preferably carried out by molecular beam epitaxy (MBE).
The native oxide can be removed by first thermally
25 depositing a thin layer of strontium in an MBE apparatus.
The substrate is then heated to a temperature of about
750° C to cause the strontium to react with the native
silicon oxide layer. The strontium serves to reduce the
silicon oxide to leave a silicon oxide-free surface. The
30 resultant surface, which exhibits an ordered 2x1
structure, includes strontium, oxygen, and silicon. The
ordered 2x1 structure forms a template for the ordered
~growth of an overlying layer of a monocrystalline oxide.
The template provides the necessary chemical and physical




16 properties to nucleate the crystalline growh of an overlying, | gy% .
n accordance with an alternate enbodi nent of the invention, the nati G 2004
silicon oxide can be converted and 5 the substrate surf ace can be

or epar ed Wwoos1/39B® growt h of a nonocrystalline oxide | ayer byTamspoeizng ng
strontiumoxide onto the substrate surface by MBE at a | ow tenperature and

0y subsequently heating the structure to a tenperature of about 750*C. At

his tenperature a solid state reaction 10 takes place between the

strontium oxide and the native silicon oxgde causing the reduction of the

native silicgRopetitdesand RAvidiEan iy danas 2K 1156 rgebwta Wit st ronti um
pxygen, and Sili ﬁon reqai ni ng on the substrate surface. Again, this forns
a tenpl ate f8VeE éflé"@bggﬂl?é’nt growth of 15 an ordered nonocrystalline oxide
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itanate at d growth rate of about™ 0.3-0.5 nm eé._gjnute. After [nitiating
growt h of tRPOWE G TEmAY tiHh:T LOPRRTPENEE P g? d6usEadre BRI PR
increasgd abhqweed h61adé thatwabAl FHE ¥akbatilhe oxQ da efid eshdr Aatfivexygen

" th aw h of h il i de | t the interf
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Again, this forms a template for the subsequent growth of
15 an ordered monocrystalline oxide layer.
Following the removal of the silicon oxide from the

surface of the substrate, in accordance with one
embodiment of the invention, the substrate is cooled to a
temperature in the range of about 400-600°C and a layer of

20 strontium titanate is grown on the template layer by
molecular beam epitaxy. The MBE process is initiated by
opening shutters in the MBE apparatus to expose strontium,
titanium and oxygen sources. The ratio of strontium and
titanium is approximately 1:1. The partial pressure of )

25 oxygen is initially set at a minimum value to grow
stochiometric strontium titanate at a growth rate of about
0.3-0.5 nm per minute. After initiating growth of the
strontium titanate, the partial pressure of oxygen is
increased above the initial minimum value. The

30 overpressure of oxygen causes the growth of an amorphous
silicon oxide layer at the interface between the .
underlying substrate and the growing strontium titanate
layer. The growth of the silicon oxide layer results from
the diffusion of oxygen through the growing strontium

35 titanate layer to the interface where the oxygen reacts
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inder | ying substrate. The strontiumtitanate grows as an ordered j= 3 AUG 2004
monocrystal wth the crystalline orientation rotated by 45 with respect

o the orswmopenss8ml crystalline structure of the 5 underlyi pgraIShE04204 €.
Strain that otherwi se mght exist in the strontiumtitanate |ayer because

f the small msmatch in lattice constant between the silicon substrate

and the growing crystal is relieved in the anorphous silicon oxide

intermedi ate | ayer 10 After the strontiumit7i tanate | ayer has been grown to

he desired wHittknesFicdheatailos sistthdeé n@fsthenhhaerlyuhgn@h%t&aq%)ped by
a tenplate | to the subse rowm h of an

er that is caonducive
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subsequent gmdwthh tdfe acihesterl loifnegairtiemt at seni detatbd sz_x.sgramth of the
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eaction with, _ILhe arseni.c and gm I, um arsem de forns. Alternatively,

gal |'i um can BEl4ERTsPEEdeo F'lnFﬁ edipteg 1a¥8¥%er to forma Sr-O Ga bond, and
arseni clios i ntrodafedr whéhsthengahhi vithnater Mayka GaAs bddle gHowat vbe

i1l ustrated F a d 30 the ess d| scussed above with
he caa ot B b1 Eel Prfih Rl 6B, mind IS i SRR EmE T o,
ayer is fdrieanaverisi aapped b¥npl bewplayer llayfearre:hama :szeqzxmducmneof t he

Tonocr yst al ldde k@ NHew it CORSUER Ob £ hﬁy%.-blt'afxlh] ef:erofaa(ef is a
perI attlce such super attlce can be

conpound senj conducgt o
m g compoung semiconductor material. For the

jeposi t ed,
15 subsequent growth of a layer of gallium arsenide, the MBE

growth of the strontium titanate wmonocrystalline layer can
be capped by terminating the growth with 1-2 monolayers of
titanium, 1-2 monolayers of titanium-oxygen or with 1-2
monolayers of strontium-oxygén. Following the formation

20 of this capping layer, arsenic is deposited to form a Ti-
As bond, a Ti-O-As bond or a Sr-O-As. Any of these form an
appropriate template for deposition and formation of a
gallium arsenide monocrystalline layer. Following the
formation of the template, gallium is introduced to the

25 reaction with the arsenic and gallium arsenide forms.
Alternatively, gallium can be deposited on the capping
layer to form a Sr-0-Ga bond, and arsenic is introduced
with the gallium to form the Gaas.

The structure illustrated in FIG. 2 can be formed by

30 the process discussed above with the addition of an
additional buffer layer deposition step. The buffer layer
is formed overlying the template layer before the
deposition of the monocrystalline compound semiconductor
layer. If the buffer layer is a compound semiconductor

35 superlattice, such a superléttice can be deposited, by MBE
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descri bed above. If instead the buffer layer is a ,l|layer of gernanl %
process above is nodified to cap the strontiumtitanate* nonocrystalline

| ayer withweaoisseab | ayer of either 5 strontiumor titani umpsmguédigdzdy
depositing germaniumto react with the strontiumor titanium The

germani um buffer |ayer can then be deposited directly on this tenplate.

The process described above illustrates a process for 10 formng a

sem conductor structure including a silicopg substrate, a nonocrystalline

strontiumti tfiﬂat@xalﬂﬁrémﬂathﬁg bk e Aer il AUBRAOCT Vi aiﬁé@%
gallium arse ound sem_conductor |ayer by the process ecul ar
beam epi t axy. r}ﬁi"b&g& ayekh aFsé BAYEXr Pr“-eﬂeﬂ‘a@l}tu“by tthﬁém of
CK/&H\/E)al Vapeibdiap obs tm@cmlfgé/@) to ﬁ‘ﬁbai:hg gaﬁbﬁtﬁﬁhﬁfﬂtci%'aﬂé&l@r deEJXEIE ; ion

m gration ce i tax o ax or
the Tl ke. RORRAREYRALIERs, FAYeR bithos sifel awsd vt i
accomodd i ngtlxm&ftarum ac;aerts;l.salnhumsanQOthéhabyndepastﬂtmigt Yerimariiiah eSo -
zi rconat es,

t yanada L ut hengtes, and_ni obates
al kal i ne eartﬁl tl} i n- ase %té%o@sggtéﬁa?éﬁfnhan%?ﬁ o SRR
Ianthanun15cbﬂ§ﬁ@#1dﬁﬂﬁ? Qﬂni@h@mlbﬁl@ﬁp@&ldedcémrabtayben.gmuwn Furt her,
by a simlarcpppggee.such as MBE, other 25 II1-V and |-Vl nonocrystalline

conpound sem conductor |ayers_can he deposited overlying the
monocrystal | i ne &RPIBRTRCESTSIRRGTIPaRifakave a/blustrabes af prasessr ifax ons
of conpaend SeFiInEAGUHCEeMLdBERId DS s?a:yehdmmsri/ﬁémaiﬁ? 8xk¥¢icon

a

accommodatin uffe 30 |aye ropriate te te for initiating
the grown of SPHRE-EBhpouftd™ §%‘rﬂ r‘?giﬁ]taloﬁm?aife‘f ontm LLHFNALE it the :
acconmmodat i rcbufhedat angr bus fairk dlayea e arrtd) armiadoczyscabdine htloxrde )
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can be foll owe
molecular beam epitaxy. The process can also be carried

15 out by the process of chemical vapor deposition (CVD),
metal organic chemical vapor deposition (MOCVD), migration
enhanced epitaxy (MEE), atomic layer epitaxy (ALE), or the
like. Further, by a similar process, other
monocrystalline accommodating buffer layers such as

20 alkaline earth metal titanates, zirconates, hafnates,
tantalates, vanadates, ruthenates, and niobates, alkaline
earth metal tin-based perovskites, lanthanum aluminate,
lanthanum scandium oxide, and gadolinium oxide can also be
grown. Further, by a similar process such as MBE, other j

25 III-V and II-VI monocrystalline compound semiconductor
layers can be deposited overlying the monocrystalline
oxide accommodating buffer layer.

. Each of the variations of compound semiconductor
materials and monocrystalline oxide accommodating buffer

30 layer uses an appropriate template for initiating the
grown of the compound semiconductor layer. For example,
if the accommodating buffer layer is alkaline earth metal
zirconate, the oxide can be capped'by a thin layer of
zirconium. The deposition of zirconium can be followed by

35 the deposition of arsenic or phosphorus to react with the




.35 the deposition of arsenic or phosphorus to react with the i- 3 AUG 2004
WO 01/ 59820 PCT/ USOL/ 04209 19 zirconiumas a precursor to deposit+ ’gAUG 2004
i ndi um gal I ium arsenide, indium alum num arsenide, or indium phosphide
respecti vwioy1/5%20i | arly, if the nonocrystalline oxide acourifsdawd209 buffer

| ayer is an alkaline earth netal 5 hafnate, the oxide |layer can be capped

by a thin layer of hafnium The deposition of hafniumis foll owed by the
deposition of arsenic or phosphorous to react with the hafniumas a
precursor to the growh of an indiumgalli®im arsenide, indium alunm num

arseni de, orzindoniuphesphi geetirsayero Kdepeaditived indium galliiai nanner,
strontium tj ca appRed.wth _a |l a of _st.rontium.or .strontium
and oxygen a%%g€§$?3a1?P?§Ha %Héﬁﬁy%@‘EﬁﬁﬁEﬁ%EVAfﬁsé(aiﬁﬁ QRO§E9} M or
bari um and oxggpactExelyof Stiméderdgposift ittues moaodiy sitalllloimes] dyiddne

deposi tion I 6 4O - act 1 \iqts ' terial
to forma tgﬁ%@gaéggh?ﬁe582%%???8%§0?ga5§0%§#% %etsg%%ﬁ%%ﬁmt eri al
| ayer cofpribafeatadi thegaxidemlayesefptelei rappecabyhiandhidsy davere obr

i ndi um phospid £igi util G Thel Héﬁ%b’iﬁ&@_ﬁ sehagehh el % Flol10wesP b'iﬁcéﬂé)m a 20
devi ce stru%g&;e 50.in accordance with, a fﬁrther enbodi nent, of the
i nventi on. QRLE1PRCPhr BYEBL A PHJIBROSRNATAYE &t ZPRGe WEidh &difluct or

subst rafj e Shafiriaimradl ¥ presopscrysbathéngrawthcof anf dhdiMine@ishah | i ne
sem conduct or_suhstrate_ 52 include regiQns, 53.a 25 54. An

ohoeirl on " Hrsetitad o fodfuh ELORERh SrLER 8BY 2% i BAGuRY WipErilde.d | i ne
56 is W0 nedayemegiespeStivelect rizad sbmpbarnmasferansberoaties stor, a
capaci tor, %Hta%‘&ﬂé’eca%?%&%ﬁé@rwfmnﬂ%e%%f ggranéaaﬂe&r a

transistor or an integrated circuit such as a Integrated circuit.

For exanpl eStrongditm @nd mIvn@rd dariynpoihenpats €an be sapped

integrated ®it®Uial IeoRr BF ashrin @ fdMth Gihdl ogi-geal peaenssiEng or

another Tunghion Jeodsthe!ddf He FELHALG G L §8paLEL YEH! o3l ted:

15 arsenic or phosphorus to react with the capping material
to form a template for the deposition of a compound
semiconductor material layer comprising indium gallium
arsenide, indium aluminum arsenide, or indium phosphide.

FIG. 4 illustrates schematically, in cross section, a

20 device structure 50 in accordance with a further
embodiment of the invention. Device structure 50 includes
a monocrystalline semiconductor substrate 52, preferably a
monocrystalline silicon wafer. Monocrystalline
semiconductor substrate 52 includes two regions, 53 and

25 54. An electrical semiconductor component generally
indicated by the dashed line 56 is formed in region 53.
Electrical component 56 can be a resistor, a capacitor, an
active semiconductor component such as a diode or a
transistor or an integrated circuit such as a CMOS

30 integrated circuit. For example, electrical semiconductor
component 56 can be a CMOS integrated circuit configured
to perform digital signal processing or another function
for which silicon integrated circuits are well suited.
The electrical semiconductor component in region 53 can be

35 formed by conventional semiconductor processing as well




The el ectrical sem conductor conponent in region 53 can be 35 forned by
conventional sem conductor processing as well 3 AUG 2004 WO 01/598203 AUB 2[][]4

PCTI US01/ 04209 20 known and wi dely practiced in the sem conduct or

i ndustry. WOO0L/A983P of insulating material 58 such as a.| ayd@CuES0184209coN
dioxide or the like may overlie electrical sem conductor conponent 56. 5
Insulating material 58 and any other |layers that may have been forned or
deposited during the processing of sem conductor conponent 56 in region 53

are renoved from the surface of region 52@0 provide a bare silicon
surface in threwnegndnwidelyspwettikadwan bhee seniicomdwstrdmcindast aye

hi ghly reacti agpa LLico | age n o) on the
bare surface. Alelﬁgr ° Rgé‘?}%%]&%? H%Eékgﬁga% %ugier?s?léa digp%s%té onto the
native oxide swonoﬁwﬁédgu@:a’ébeollkegmau owey aeu slesatierlith the

oxi di zed Surfs’g}ﬁé&l&@éﬁbﬁ éé‘ﬂﬁénéﬁf_fpi_;@te llayer (not 15 shown). In
accordance with one enpodj nent of I nvention a ponocrystalli ne oxi de

| ayer 60 ?s for nedIn%\‘/Je?tF’;ﬁ%d“"’EtPf‘er’tW%t%n‘lia?BY Byherpleyess dihab| BaY ar
beam epi t axy haReadheadn Sfd)ﬂﬁédlctbﬁgdépcbsilm:lt dhe2dhy M hed prOeedasl iy ebf
deposited ontg the t Iate | aye o%é:rmthe 20 rTg ocrystalline, o

| ayer. Initi &% "H%% bivh the*patPPa sERged, 'H i's
kept near t hebemsm:rﬁﬂnmem“esmggon &4 wo yprmj:devxatbarbeshamaun arface
titaniumto for ERNelshal | e fanldin 3{;& P! Sk PYCL 1 89 con! A dd &

pressure of oxygen 1s en |ncrease € an overpressure o

oxygen a®d targl Wlﬁwgmqt@vqjﬁnd@e Qﬁfﬁ@(@kﬁ%h@‘gﬁmhgenﬂmﬂwl i ne

oxi de layer. quibg2 ¥dadh @nf e Mard e RLERdde bariapeli bengheiigRrd,s W th

silicon at the sur nge %Qn 54 to form an anmorphous_|ayer 62 aqf )
e 1icon oxi dBSEup,ange opvge edifo FePIF ILRE AnthhaRRFAVE Raifsed aNRY

silicon substnatheasdrfhee sEneegishalbli pmdxigereddted cwighnehewi t h an
embodi ment QéxiQEZEHVSH&ESQe to form a first template layer (not
15 shown). In accordance with one embodiment of the
invention a monocrystalline oxide layer 60 is formed
overlying the template layer by a process of molecular
beam epitaxy. Reactants including barium, titanium and
oxygen are deposited onto the template layer to form the
20 monocrystalline oxide layer. Initially during the
deposition the partial pressure of oxygen is kept near the
minimum necessary to fully react with the barium and
titanium to form monocrystalline barium titanate layer 60.
The partial pressure of oxygen is then increased to
25 provide an overpressure of oxygen and to allow oxygen to
diffuse through the growing monocrystalline oxide layer.
The oxygen diffusing through the barium titanate reacts
with silicon at the surface of region 54 to form an
amorphous layer 62 of silicon oxide on the second region
30 and at the interface between the silicon substrate and the
monocrystalline oxide.

In accordance with an embodiment of the invention,
the step of depositing monocrystalline oxide layer 60 is
terminated by depositing a second template layer 64, which

35 can be 1-10 monolayers of titanium, barium, barium and




the step of depositing nonocrystalline oxide layer 60 is term natrgdg b,w(% 2004
depositing a second tenplate |ayer 64, which 35 can be 1-10 nonol ayers o
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oxygen, owaQaoirsaspeum and oxygen. A |ayer 66 of a nonocrystRCTUSM/Od2¥pound
sem conductor material is then deposited overlying the second tenpl ate
| ayer by a process of nolecular beam epitaxy. The deposition of |ayer 66
is 5initiated by depositing a | ayer of arsenic onto the tenplate. This
initial step is followed by depositing gakliumand arsenic to form
monocryst al | bsggeal,| iarmt araeinindandicygeat | vel ylapger 066 i afh aan be
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the line 70015:%1 #’%r rErlelg{ Fgg{'el éiccgmﬁggfl y coupl e device 68 and device 56,
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hus 251Pnpl enentlmgaqqorﬂaegeaveﬁhd@vflé:éthﬁat eppodidentatof dds  one
>onponent fOIﬁPéh&{bﬁ heaS!séﬂn%an&H@ééf ak8m ?Bﬂeﬁ'ﬁe g&@&fﬁﬁ%é&éée

TD)’IOCI’ ystal |l I ne COITpOUﬂ sem conduct or

eri al yer. Althou
illustrativeY & [drshed LHne 88 pbntopeed; b’édcag‘Pé’ué’ldr l?tﬁ“l}r‘é'-’"fqg-}‘f%‘ on a 30
silicon substayaire 6. ansled‘if&d>m;<atchﬁr¢¢mpéﬂénst senicambe tHdamal ey ayer 60

and a gal“'ﬂ?oééggk éé%%% é%hvéﬂégéﬁglly used in the fabrication of
15 gallium arsenide or other III-V compound semiconductor
material devices. Semiconductor component 68 can be any

active or passive component, and preferably is a
semiconductor laser, light emitting diode, photodetector,
heterojunction bipclar transistor (HBT), high frequency

20 MESFET, or other component that utilizes and takes
advantage of the physical properties of compound
semiconductor materials. A metallic conductor
schematically indicated by the line 70 can be formed to -
electrically couple device 68 and device 56, thus

25 implementing an integrated device that includes at least
one component formed in the silicon substrate and one
device formed in the monocrystalline compound
semiconductor material layer. Although illustrative
structure 50 has been described as a structure formed on a

30 silicon substrate 52 and having a barium (or strontium)
titanate layer 60 and a gallium arsenide layer 66, similar
devices can be fabricated using other substrates,
monocrystalline oxide layers and other compound
semiconductoxr layers as described elsewhere in this

35 disclosure.




devices can be fabricated using other substrates, nonocrystalline o %ﬁw .
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i |l ustrat eWODIE8$Hconduct or structure 72 in accordance w t hPETUEIYHAY
enbodi nent of the invention. Structure 72 includes a nonocrystalline

sem conductor substrate 74 such as a nonocrystalline silicon wafer that 5
includes a region 75 and a region 76. An electrical conponent
schematically illustrated by the dashed |iR8 78 is formed in region 75
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are formed overlying monocrystalline oxide layer 80. 1In

15 accordance with a further embodiment of the invention, an
additional monocrystalline oxide layer 88 is formed
overlying layer 86 by process steps similar to those used
to form layer 80, and an additional monocrystalline
semiconductor layer 90 is formed overlying monocrystalline

20 oxide layer 88 by process steps similar to those used to
form layer 86. In accordance with one embodiment of the
invention, at least one of layers 86 and 90 are formed
from a compound semiconductor material.

, A semiconductor component generally indicated by a

25 dashed line 92 is formed at least partially in
monocrystalline semiconductor layer 86. 1In accordance
with one embodiment of thé invention, semiconductor
component 92 may include a field effect transistor having
a gate dielectric formed, in part, by monocrystalline

30 oxide layer 88. In addition, monocrystalline
semiconductor layer 92 can be used to implement the gate
electrode of that field effect transistor. In accordance
with one embodiment of the invention, monocrystalline
semiconductor layer 86 is formed from a group III-V

35 compound and semiconductor component 92 is a radio




.sem conductor |ayer 92 can be used to inplenent the gate electrode qf

field effect transistor. In accordance w th one enbodi ment of thel™ AUG ﬂm4
i nvention, nonocrystalline sem conductor |ayer 86 is formed froma group
[11-V 35wapegsdezod and sem conductor conponent 92 is a radPGTMHSGL/RNG 2004
‘WD 01/59820 PCT/ US01/ 04209 23 frequency anplifier that takes advantage of

the high nobility characteristic of group IIl1-V conponent materials. In
accordance with yet a further enbodi nent of the invention, an electrical
i nterconnection schematically 5 illustratex by the line 94 electrically

i nt er connect Sfré-‘@.i@ﬁ’@?n&mﬁﬁlﬂﬂérCﬁﬁﬁﬁneakeQZadﬁhhuagér ef/ZHdusigh nt egrat es
conponents that take advantage_ of the &&a%rtles of the two
nonocrystal | i %iﬁﬁ%oﬁ 26 erﬁﬁFéF| TBPBg PRSP Yheci fi ¢

-exanpl es, ot heatemiabs at elin accondancanms;lsyarsaafarn:hleqstenéctoetiment of
FIGS.-6-18. Rha 1r?vé£&f° yges f'i‘ éié‘%%ig&ﬁ ?hQ&chhﬂgEﬁ@%ﬂ | il 13 121

portion of a S iy 1Ny’ franscel vi ng nmeans
101, an |&tegd@n§txﬂtedubY1tn¢ bpnqs9éuebactuhca ig3ingercomnefy® unit

104. Exanpl. e% drdnt Sié dt &ﬁéﬂtngzﬁeagérheﬁhﬂée"i%”t@ﬁfse””a a
nodem or t her neans ch Infornmation or data can_be sent either

to or fron1aﬁqgﬂﬂﬁﬁﬁﬁslﬁﬂﬂpoﬂﬁpiﬁekpﬁ%r%ﬁhe agyantagey Phg tibe

denote that pheperdids U G oo SERSSaIBindesenpabnduetoen v
receiving, onlx t.ransmtting, or both receiving and transmtting signals

fromor to tREE ‘cating device. The output unit 103 can include a
di spl ay,1ma noni toBy wagpedk enqreorspdie f ik eexaifinkbe s npotheni integratedude a

m crophone, gﬁbsxta%r%ndo ayatdl® ddd 1N E-ddld 1 ALEBINBLIKS  rro

enpodi ment s e out put and rnput_unit 1 e replaced by a
single uni t65maﬁla§e§ repdmplidiiad logke dipgranbtiugbratingl ade random

access ”E”Dr?fofhaﬁnwl al cotmiRRaeiny devidte a dBrkadisl, aasiyaah menory
card or nodu the
transceiving means 101, an integrated circuit 102, an

15 output unit 103, and an input unit 104. Examples of the
signal transceiving means include an antenna, a modem, or
any other means by which information oxr data can be sent
either to or from an external unit. As used herein,
transceiving is used to denote that the signal

20 transceiving means may be capable of only receiving, only
transmitting, or both receiving and transmitting signals
from or to the communicating device. The output unit 103
can include a display, a monitor, a speaker, or the like.
The input unit can include a mic¢rophone, a keyboard, or

25 the like. Note that in alternative embodiments the output
unit 103 and input unit 104 could be replaced by a single
unit such as a memory, or the like. The memory can
include random access memory or nonvolatile memory, such
as a hard disk, a flash memory card or module, or the

30 like.

An integrated circuit is generally a combination of
at least two circuit elements {(e.g., transistors, diodes,
resistors, capacitors, and the like) inseparably
associated on or within a continuous substrate. The

35 integrated circuit 102 includes a compound semiconductor



30 like. An integrated circuit is generally a conbination of at |gagtg .
circuit elenents (e ' ' ' ' ! JW%MM

" .g., transistors, diodes, resistors, capacitors, an

the like) inseparably associated on or within a continuous substrate. The

35 integraM@PIE*%$¥uit 102 includes a conpound sem conduct or PEI/FSARA20D04 WO
01/59820 PCT/USO /04209 24 portion 1022, a bipolar portion 1024, and an

MOS portion 1026. The conpound sem conductor portion 1022 i ncl udes

el ectrical conponents that are forned at |east partially wthin a conpound
sem conductor material. Transistors and 5 @t her el ectrical conponents

wi thin the coppoundn §622¢0radbdipold apo poirtd ob) 22 24, e ageharh MOE poptiesni ng
signals at ragio-fre nel ' I . I t her
enbodinents,aﬁagséigﬁgﬁs8%§§P§5g2%§b3?§%ggggggxh%gﬁgfx}?ggﬂ%ﬁ¥$%%gaﬁgr

exanpl e, someehegerighs, couphnentss thali aregiiormed atsdsakt partiapdyl e of

f
¢
i
C

rocessing S 2t chbRgbAndr SeHERENARLEBR ﬁna%hrﬁ@ﬂr.OXiT%ﬂfs@%rg—gnahe
conpound sem conductor portion 1022 further _includes a duplexer 10222, a
adi o frequeRthe®-pleebahgalscepreBrnEs Ydtbin §bfoFeMRURA neans or

Jlenodul at i ng seiicondlct HaSEbaAHdoh0100di Arér e8panty oFNpd@sd 26

nodul ating neans or nodul ating circuit a_powe amplifier 1022 and_an
oot 102 aAlE dootadio Brémisiebty SR Tiertn porma Rl b8

i
typi cal | y ar &Hzor nekh 2k her cefdvodpmént spnthendighale oceudd de akheldwgpl ar
portion 1024 j LSH%E Y a Lfi 42, | Q- t-0- di gi

converter 10?ﬁ%l ) |giaﬁlé?e-.%%/éé£% bgp#%%n%?%ggemﬁ%@? g'% S arlasrfsmgf%ﬁng
anpl i fi @0 10248 irftamvigstlpbiun o 992651¢ nodxrlecapabllgi 08| priopesis impcessi ng
25 means 10262 4nAf £ 5MHR 1 ﬁg@l 1A I'Qe§ta9§p98§iﬁifatet1§f gpmmonl y

avai | abl e DSP_CTores available in ket, such as the Mtorola DSP )
566xx (from ®Beor ol a, I ncor porated of Schaunmburg, Illinois) and Texas
The compound semiconductor portion 1022 further

includes a duplexer 10222, a radio frequency-to-baseband

15 converter 10224 (demodulating means or demodulating
circuit), baseband-to-radio frequency converter 10226
{modulating means or meodulating circuit), a power
amplifier 10228, and an isolator 10229. The bipolar
portion 1024 and the MOS porticn 1026 typically are formed

20 in a Group IV semiconductive material. The bipolar

' portion 1024 includes a receiving amplifier 10242, an

_analbg-to-digital converter 10244, a digital-to-analog
converter 10246, and a transmitting amplifier 10248. The
MOS portion 1026 includes a digital signal processing .

25 means 10262. An example of such means includes any one of )
the commonly available DSP cores available in the market,
such as the Motorola DSP 566xx (from Motorola,
Incorporated of Schaumburg, Illinois) and Texas
Instruments TMS 320C54x (from Texas Instruments of Dallas,

30 Texas) families of digital signal processors. This |
digital signal processing means 10262 typically includes
complementary MOS (CMOS) transistors and analog-to-digital
and digital-to-analog converters. Clearly, other
electrical components are present in the integrated

35 circuit 102. '




I nstrunents TMS 320C54x (from Texas Instrunments of Dallas, 30 Texas%_ AUG
famlies of digital signal processors. This digital signal processt n& 2004
means 10262 typically includes conplenmentary MOS (CMOS) transistors and

anal og-towdi@isbe2o and digital -to-anal og converters. O earpgT/Usi1g209

el ectrical conponents are present in the integrated 35 circuit 102. 1- 3 AU

G 2Q04 WD 01/59820 PCTI USQU04209 25 In one node of operation, the

comuni cating device 100 receives a signal froman antenna, which is part

of the signal transceiving neans 101. Thes signal passes through the

dupl exer 10227 torhheneafib@efl bEqBPRERLEONT lm&ebmdmnmeeﬂxeg d@ezée The

anal og data other. information i.s amplified b ei r 10224
2nd Cr ansi H0RCFRECIKEB P oPEHRaY; RGP BPoeBEePRE et 095 PRy 0E { he
di gital signohe psbgpasi hgansaaivifig6ehas ploacesﬂ‘m isigmalk gpamsesn or

other data, {heoRiRceRsaupl O’ 688Y! 00 QheOLRRicIabRdiiurdlgrogitted Lo

t he out put URI cormiini cat 1'ng device 1s a pag out put
unit canSbe baskbahdyconverter cbhisi caThaganalrge dafag azlather tel ephone,

the output upge e £&7 i@CéHﬂflPleapﬁ?kféceﬁvgh§pEﬁ%ﬂﬂfié¥“fb2ﬂ§ &Rrga or

ot her information can be sent throu communi cati,ng device 100 in the
opposite di reangmt el tQkhe 0‘?15%1"1%-1 s HUBR huPYBRERSLNS: MRARS ¥¥#@figh the

i nput , unit Af4r Ir.rhea dlf.éi&&Brsiéﬂlﬁph@ﬂﬁceébiﬁgcﬁéhﬂsl nol2&de as m crophone
or a keypad The |n ion_or other data % %rocessed using the -
di gital sigfd strqﬁeg IREFETA D °IAf?'é#’e5r 35?9 EB HESF c? is then
conver t:d us:ﬁmgmtahacm gt ather aiaalia)gm:omensmxtteﬂ4eo The mmImaIted
fgne 15 AT Y S IR AT 0t M0l 1
1 226- and f @utipat ‘-‘é‘-\ﬁi’-l iEedo e shaplanpl i 7¥ e‘FhQOQQB‘“mFHé:aémﬂg faese o8
signal passgg bheeudmitahe deS@ptdie , 10429 AMEbEPhEXEr 103 can include a
speaker, a display, or both.
15 Data or.other information can be sent through the
communicating device 100 in the opposite direction. The
data or other information will come in through the input
*unit 104. 1In a cellular‘telephone, this could include a
microphone or a keypad. The information or other data is
20 then processed using the digital signal processing means
10262. After processing, the signal is then converted
using the digital-to-analog converter 10246. The .
converted signal is amplified by the transmitting
amplifier 10248. The amplified signal is modulated by the
25 Dbaseband-to-radio frequency converter 10226  and further
amplified by power amplifier 10228. The amplified RF
signal passes through the isclator 10229 and duplexer
10222 to the antenna.
Prior art embodiments of the communicating device 100
30 would have at least two separate integrated circuits: one
for the compound semiconductor portion 1022 and one for
the MOS portion 1026. The bipolar portion 1024 may be on
the same integrated circuit as the MOS portion 1026 or
could be on still another integrated circuit. With an
35 embodiment of the present invention, all three portions




0222 to the antenna. Prior art enbodi nents of the comrunicating device 100

onpound sem conduct or portion 1022 and one for the MOS portion 1026. The
I pol ar pwdegsy8#024 may be on the sane integrated circui eCaaisnivesBOS
ortion 1026 or could be on still another integrated circuit. Wth an 35
nbodi ment of the present invention, all three portions 3 AUG 2004 WO

1/ 59820 PCT/ US01/ 04209 26 can now be formed within a single integrated
ircuit. Because all of the transistors @an reside on a single integrated

ircuit, thecﬁﬁﬁﬁﬂgﬂi G iﬁt]g:n(&i‘i/ivﬁﬁtl@ﬁlil ab&sugg]a@éiutéé‘ﬁiazédr cdednand al | ow
or great er ortanili 0 a conmunicatin evl] ce ttentian i.s now
redtoa to BeRBERE T Ghomhe f TANNITSTY 0 TLa8! OPnd. Piidfear o0
ircuit 102 antegﬂmu&ianﬂmumthﬂhe dbmmnni¢aﬁdﬁg devacp- tape baoped,
nocrystall | QSa%;LPO ?ﬁ#‘?ﬁ&r Of’ézde %é‘t‘.’é?gpér%%ag‘i%%‘

en1conducto por por
026. VVﬁhinathemmupobatlnubdﬂwmcethe nDnocrystalllne silicon substrate S

oped to form anafN.eQus bﬁdl %!dw cﬂl&%?cte%alwmwe@néapfogomqml i taxi al

nocrystalline silicon IS then 15 forned over the buri &d region
102 and th@%ﬁ‘ﬁ@i‘-ﬁﬁl’epﬂ?fﬁlonﬁ it ﬁ%g@‘%%rF’p’é‘F‘FbFrréﬁzt 8Screate a

Ih ghéI Iy n"tn%/l)Eusﬂ.@QEQdd&hf FI1Ged| @{111:.117 Ia#)cm;th 1 he, I\a puwpé aegear)t 1102I
e doping s conver pan €.0 e, epi aX|a
ayer i t i dﬂtﬁg%ﬂ%ﬁii%nﬁhslﬁeﬁanaﬁ’%ﬁr@@%ﬁ% e vipgc pebin

-type. nronoarqrqb@hmd neesitondactpegport idnf i102L ,i a)llaip@haregonnléﬁ% S

hen Lo a P Vo i RORChAL TER ha3ol0% el I gatgyon 1026,
ver the gat@rufli aPt bhs-iledd Yedild? 110 seVah | 1 sgRERYSplilReaidaded Med
epitaxial monocrystalline silicon layer 1104 is then
15 formed over the buried region 1102 and the substrate 110.
A doping step is then performed to create a lightly n-type
doped drift region 1117 above the N" buried region 1102.
The doping step converts the dopant type of the lightly p-
type epitaxial layer within a section of the bipolar
20 region 1024 to a lightly n-type monocrystalline silicon
region. A field isclation region 1106 is then formed
between the bipolar portion 1024 and the MOS portion 1026.
A gate dielectric layer 1110 is formed over a portion of
the epitaxial layer 1104 within MOS portion 1026, and the
25 gate electrode 1112 is then formed over the gate
dielectric layer 1110. Sidewall spacers 1115 are formed
along vertical sides of the gate electrode 1112 and gate
dielectric layer 1110.
A p-type dopant is introduced into the drift region
30 1117 to form an active or intrinsic base region 1114. An
n-type, deep collector region 1108 is then formed within
the bipolar portion 1024 to allow electrical connection to
the buried region 1102. Selective n-type doping is
performed to form N' doped regions 1116 . and the emitter
35 region 1120. N' doped regions 1116 are formed within layer

104 wi t hi n BV dsant 4 | e 1MoBocavgtafding gadld core @uhniaratg 2igsdened tornmed

0 woul d have at |east two separate integrated circuits: one for thed AUG 2004



al ong vertical sides of the gate electrode 1112 and gate dielectric |ayer
1110. A p-type dopant is introduced into the drift region 30 1114 3qu@5mU
an active or intrinsic base region 1114. An n-type, deep coIIector regli on
1108 is tweifsegoed within the bipolar portion 1024 to alpEEmsdidazasi cal
connection to the buried region 1102. Sel ective n-type doping is

performed to form N doped regions 1116-and the emtter 35 region 1120. N+
doped regions 1116 are formed within layer 'H 3 AUG 2004 WO 01/59820

PCT/ USOL/ 04209 27 1104 al ong adj acent si2Z@s of the gate electrode 1112 and
are source, ultlai4nalmngs&dj&&é@hltaisidemiams:}feorgdﬁte et todasisier andhe N

doped regi on 1 tt.er on v . | o] tion of
atpleastglEl r% %gu§% r@&Bico%g H%S%?Q%%¥§;%§§§§§#{%b%oﬁﬁgcﬁégto be
formed. A ptrypslﬁﬁped rEgboﬁrléopednsdgnonerééié ahd emdtitiers egion
extrinsic baifzpeﬂh% L hgg\é’?gcgohﬁe%trat %Bxe%f & Q.%as(tg?.?ﬁfg Arems,

concentration o I"east atons per centinete

enbodi net deS¥r FEbAC senbimetprotesJldews cdpE.C KoRd asteh %r?‘érﬁ@ﬁmﬁﬁt are
not illustrapegd.- e?péuabaea ré§§6h| agdfosﬂ@a % diealc@r rﬁi{é OTh&Et ¥0é | or
regions, threshold, ad ustlng nBIants E%a ggh %ggh revention

i npl ants, fiS¥Ft*dBfALA: FR8EgReBiekentlEnY SnﬂFh €8 variety
of maski ng | edepingThencéntration of hbeldagtcamipP ttdms pgwidibia the

process is erforng sing conventional steps. As illustrated, a standard
N- channel hKé???%%%?%?gf has been fornmed within the MOS region 1026, and a

verti callONPN bipolmftheambbadtmeﬂﬁ ﬂQSCQébﬁdt05§EérwﬂtMH¢Qﬂﬂ§ingxﬁG#PS

portion 102458 Cpé PeSE Al | baf Eg‘%cﬁbf?rilﬂﬁétgﬁﬁﬁd‘c@ Ln the
coypound senlcon tor portion 10 ers th ave een
fornmed duri figgdelbedoctach mp o *?h%OE’F%B%‘a? Qhdw BEOHOR of the 25

i ntegrated _CﬁHﬁBHom eadjayst 8 viarb 14008 | hehatihédcpuatht hrough
prevention implants, field punchthrough prevention
15 implants, as well as a variety of masking layers. The
formation of the device up to this point in the process is
performed using conventional steps. As illustrated, a
standard N-channel MOS transistor has been formed within
the MOS region 1026, and a vertical NPN bipolar transistor.
20 has been formed within the bipolar portion 1024. As of
— this point, no circuitry has been formed within the
compound semiconductor portion 1022.
All of the layers that have been formed during the
processing of the bipolar and MOS portions of the
25 integrated circuit are now removed from the surface of
compound semiconductor portion 1022. A bare silicon
surface is thus provided for the subsequent processing of
this portion, for example in the manner set forth above.
An accommodating buffer layer 124 is then formed over
30 the substrate 110 as illustrated in FIG. 8. The
accommodating buffer layer will form as a monocrystalline
layer over the properly prepared (i.e., having the
appropriate template layer) bare silicon surface in
portion 1022. The portion of layer 124 that forms over
35 portions 1024 and 1026, however, may be polycrystalline or



conpound sem conductor portion 1022. A bare silicon surface is tfug AUCEwU4 .
provi ded for the subsequent processing of this portion, for exanple in e
manner set forth above. An accommodating buffer layer 124 is then forned

over 30 weoigs9kmtrate 110 as illustrated in FIG 8. The a@caawsdaidng

buffer layer will formas a nonocrystalline |ayer over the properly

prepared (i.e., having the appropriate tenplate |ayer) bare silicon

surface in portion 1022. The portion of layer 124 that forns over 35

portions 1024 and 1026, however, may be pggycrystalline or 1- 3 AUG 2004 WO

01750820 PCTAHSELHA eyl srhiafeisever & smdeeFRd10¥AALA AR5 2l

that is not nonocr %!Ilne her e éﬁf oes not  nuc| eate
monocr yst al | fA8°H Suf fRFS | BgerUG8atEpi cal Iy is a

mr)]_noEr yst al Im@ﬂo&ry&Itawmldxt (yrdwulfl Flerlfe |a@d@d§mﬁﬁdatj{1@gchhffelﬂaia§rer |

t hi ckness i e apprOX|nate nanonet n one rt.icul ar
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During tBe flayeti andotymgaldxycdnamcmmmgzltméésrma@/erange affor phous -
i ntermedi at e, he k] surfaces

of the int egrp;?r%ﬁ%ﬁ%gélgg f(s)éo qlogdr?orp%us ﬂP @{gﬁé%ré%éﬁggger 122
typically i remkedimantoxrie gpcowmpﬁéﬁnﬁﬁhdﬂh%%8¥iI&HQWWEQS and range of

appr oxi mtela\pﬁr&clﬁatew 80§ 5PAMt tﬁulc&r efﬂiﬁdiri’%fﬁhe tf&:ﬁ@tf&ﬁeéf i—.ﬁe15

approximately 2 nm _Follow ng_the_formation of accomuodat | n
| ayer 124 aﬁ&qua%?bﬂsuéugﬁﬁre#ﬁﬁarat &n aﬂé?rpfws antsimed Jeagayer 126
i's then:Lofoarmtbxarmlzfmassafbbméana%ngntaer apgRe iio AP Fidd ddrh edyrPagest 0 ten

nonol ayers of mat er.i al n.one enhodi ment, the materia

i ncludes tif; diﬂﬁeﬁ?ﬁﬁﬁﬁakegt?bﬁ ﬁ}ggégen eﬁW8£E§04ﬁher sinilar )
mat eri al s asntermadiate Layperi b22 wyphcaddpyednalundeisCan bXdideh of

monocr ystal Ehﬁiﬂ%%ﬁ&”& CORPUEhOLs! aHar ridge o LppSRidad B! ¥-grown

overlying the nDnocryst I ne -
In one particular embodiment, the thickness is

15 approximately 2 nm. Following the formation of the
accommodating buffer layer 124 and the amorxrphous
intermediate layer 122, a template layer 126 is then
formed and has a thickness in a range of approximately one
to ten monolayers of a material. In one particular

20 embodiment, the material includes titanium-arsenic,
strontium-oxygen-arsenic, or other similar materials as
previously described with respect to FIGS. 1-5.

A monocrystalline compound semiconductor layer 132 is
then epitaxially grown overlying the monocrystalline

25 portion of accommodating buffer layer 124 as shown in FIG.
9. The portion of layer 132 that is grown over portions
of layer 124 that are not monocrystalline may be
polycrystalline or amorphous. The monocrystalline
compound semiconductor layer can be formed by a number of .

30 methods and typically includes a material such as gallium
arsenide, aluminum gallium arsenide, indium phosphide, or
other compounds semiconductor materials as previously
mentioned. The thickness of the layer is in a range of
approximately 1-5,000 nm, and more preferably 100-500 nm.

35 In this particular embodiment, each of the elements within




25 portion of accomnmodating buffer |layer 124 as shown in FIG 9. Thg
bortion of layer 132 that is grown over portions of |ayer 124 thaf r AUG A004
monocrystalline my be polycrystalline or anorphous. The nonocrystalline
conpound wendigeszbuct or | ayer can be formed by a nunber of . PGUUSH{MAYs and
ypically includes a material such as gallium arsenide, alum numgallium

ar seni de, indium phosphi de, or other conpounds sem conductor materials as
orevi ously nentioned. The thickness of the layer is in a range of

approxi mately 1-5,000 nm and nore preferaBly 100-500 nm 35 In_this
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TEM pﬁot ob?‘?ﬁﬁlﬁg e{ié’k@r?gafr?qtnﬁ@r}?ea%se ST eél?xg%%%%gélg%gg uf fer
ayer 124 anfheefmreocwhenald itranswurgsion sladtomnueicrosegepy (TEM) s
seen. 10 At | ' R LipR. segtis & AR NG e SEM conduct or
ayer 132 ar%ﬂéﬁgag%@%mjf%dtgtl ng 'b%?jf éLr alcf:aarééqlm are rerr%ved fromportions
ver | yi ng t RCePPBPEAtiper bugderolayar 1fe ands e MePasstadlingwn in
-G 10.  Af¢Shpbhifds 86l eBnisickeroYegeran 32nSl addif | ayer 142 is 15 then
ormed over the substfiate 110, The_i,nsul ati ng Iasyer t}%z can include a
wrber 6P materi A% EBEA BOInEyLReLiMey SECEIONS, QA0S FTPIHIE «
i el ectri cs,satii¢dedbcker Aayewsedzhane mhel awdommdatinte rbwf £dmvlagea
di gl ectric S t Lgh h i an AF 20
nsul ati ng |1;é;£r$€§2r%'§‘§0%§e§£8}é‘p§§f?? g‘%,h%ﬁto q;lgé»g ﬁg% %p%gﬁ iﬁslﬁge?di,gfermvi ng
bortions of Rawtiorl@24 nandabe MAS prR&doBydRi6e aroFRrstin |FHE- cbipound
sem conduct ifdey &fhd 3dection is removed, an insulating layexr 142 is
15 then formed over the substrate 110. The insulating layer
142 can include a number of materials such as oxides,
nitrides, oxynitrides, low-k dielectrics, or the like. As
used herein, low-k is a material having a dielectric
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constant no higher than approximately 3.5. After the
20 insulating layer 142 has been deposited, it is then
polished, removing portions of the insulating layer 142
that overlie monocrystalline compound semiconductor layer
132.
‘ A transistor 144 is then formed within the
) 25 monocrystalline compound semiconductor portion 1022. A
gate electrode 148 is then formed on the monocrystalline
compound semiconductor layer 132. Doped regions 146 are
then formed within the monocrystalline cbmpound
semiconductor layer 132. In this embodiment, the
30 transistor 144 is a metal-semiconductor field-effect
transistor (MESFET). If the MESFET is an n-type MESFET,
the doped regions 146 and monocrystalline compound
semiconductor layer 132 are also n-type doped. If a p-
type MESFET were to be formed, then the doped regions 146
35 and monocrystalline compound semiconductor layer 132 would




A transistor 144 is then formed within the 25 nmonocrystalline corrpmg%ﬁu
sem conduct or portion 1022. A gate electrode 148 is then forned G 2004 -
nonocrystalline conmpound sem conductor |ayer 132. Doped regions 146 are

t hen for nHOWE/EI2 t he nonocrystalline conpound sen conductraIT/Us®420832. | n
this enbodi ment, the 30 transistor 144 is a netal -sem conduct or

field-effect transistor (MESFET). If the MESFET is an n-type MESFET, the
doped regi ons 146 and nonocrystalline conpound sem conductor |ayer 132 are
al so n-type doped. If a type MESFET werd to be forned, then the doped
regi ons 146 3@‘@1@%ﬁo@ﬁ?sPBPOSﬁéeCdﬂprthBPﬁi c o fthege thwavt iage rddB@d wont i H
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type. The heavier $) regions 146 a ow ohm ¢ contacts tTo be nade
to the nono@IRPREYFirl b%o%ﬁp@wcm@mﬂup‘a?a layer A32 hi At pohms in

time, the acigoietdem C@ﬁné\/l tfhe é@@lﬂv@tm%@g men&ﬁuvchehq%&é&%é&med
This particular e oq,% m%{gdes anrﬂr‘}é}g VESFET, a vertjcal NPN

bi pol ar 3 r alTF5r ‘Eleab?ﬁré Ipedha l\EB‘”EF‘SH%?é't grbagkimentot her
types of tr ansicdiwiess amai-mypng I\Esﬂ‘mnei \F&E:léaanﬂpm Bipolrnt ype vertical
bi pol ar tran rs SFETs tpons of vertical and
pl anar tran‘s?%%%]%rl?tdc%dn i Lf%é’ -G 561 %@? #EQPS S Fone MY such
as resi storsOtbap'a@YmEs Oﬁl%ﬁlma,handlwnm bhaﬁne&eMQSn one or

more of the nghbgggong tﬁ%grﬁ%g'éqz@up&li qglgéﬁ ggtlg’u%sfptﬁoé orm

a substanUaIIg I et’e clrcurt | rat’e
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is not, illustrated 20 A second i nsul ating l.ayer 154 is

then formed SVHC ?ﬁ3£5f| Fé‘FEl ﬁ?uFﬁFF‘ﬁﬁoFﬁyeFaﬁflwftq FAEOges) apBfs they
152, 142, 1Rkike amday2Beafermedoindohe def mbeec @t atie gpert HGRs 1022,

1024, and 1026.

15 Processing continues to form a substantially
completed integrated circuit 102 as illustrated in FIG.
11. An insulating layer 152 is formed over the substrate

110. The insulating layer 152 may include an etch-stop or
polish-stop region that is not illustrated in the FIG. 11.

20 A second insulating layer 154 is then formed over the
first insulating layer 152. Portions of layers 154, 152,
142, 124, and 122 are removed to define contact openings
where the devices are to be interconnected. Interconnect
trenches are formed within insulating layer 154 to provide

25 the lateral connections between the contacts. As
illustrated in FIG. 11, interconnect 1562 connects a
source or drain region of the n-type MESFET within portion
1022 to the deep collector region 1108 of the NPN
transistor within the bipolar portion 1024. The emitter

30 region 1120 of the NPN transistor is connected to one of
the doped regions 1116 of the n-channel MOS transistor
within the MOS portion 1026. -The other doped region 1116
is electrically connected to other portions of the
integrated circuit that are not shown.




vhere the devices are to be interconnected. Interconnect trenches ar

ormed within insulating |ayer 154 to provide 25 the | ateral conne¢fﬁ§ﬁ@5 2004
bet ween the contacts. As illustrated in FIG 11, interconnect 1562

connect s wo @eegwe or drain region of the n-type MESFET wiRGR/HS@E&HEG9%0N

1022 to the deep collector region 1108 of the NPN transistor within the

0i pol ar portion 1024. The emtter 30 region 1120 of the NPN transistor is
onnected to one of the doped regions 1116 of the n-channel MOS transistor
Mthin the MOS portion 1026. The other dop&d region 1116 is electrically
connected to othem4pHssinatiﬁhtﬂayeﬁrﬂ&ﬁyﬁﬂ(ﬁbnmednﬂverheheare not shown.
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formed over erconnec s I5 I NSu |ng l'ayer
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Mmthin the |ntegrated circuit 102 but are not illustrated_in,the flﬁgres
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ecessary topher Brehackr Qﬂﬁhst&ta(t'éaoﬁﬁhe@ﬂieoﬁglﬁ@s/\ﬁemﬁﬁﬁhdﬁr i ous
conponent s mnéaln t he |ntegaated 1Q circuit can seen %ron1the

revious enbBAfiEACnadcinFulakipg. LaYESE ¥Eﬁﬁﬁﬁﬂﬂp%% cBAiuttor and
5roup |V sefibemaduatoneretsniryl socfnrine thet pgopesd iintter cosnegt éons

ntegrated chLeykbn PREAUAEIBHE BohBoRBHESIlithin bhd iddedpaeLdorating

ot h blpolar ransrstors nsrstors n a sane | ntegrated
circuit 10i t @aycwétpddsible to nove sone of the conponents within bipolar

dortion into theygoppaupd §§Eh09£'9HCEHé e%%easl%%damﬁé}ec MEepvé i on
10R4. More specifically, turning to the enbodi_nent as (ﬁ descrifped with

regpect to FIRY1¢es het Jhpkhf FePROYRS 18eigondyshor@nd, & ver to the
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¢an be integrated circuit. Because there is some difficulty in
15 incorporating both bipolar transistors and MOS transistors
within a same integrated circuit, it may be possible to
move some of the components within bipolar portion into
the compound semiconductor portion 1022 or the MOS portion
_ 1024. More specifically, turning to the embodiment as
20 described with respect to FIG. 6, the amplifiers 10248 and
10242 may be moved over to the compound semiconductor
portion 1022, and the converters 10244 and 10246 can be
moved over into the MOS portion 1026. Therefore, the
requirement of special fabricating steps solely used for
25 making a bipolar transistor can be eliminated. Therefore,
there would only be a compound semiconductor portion and a
MOS portion to the integrated circuit.
In still another embodiment, an integrated circuit
can be formed such that it includes an optical laser in a
30 compound semiconductor portion and an optical interconnect
{(waveguide) to an MOS transistor withim a Group IV
semiconductor region of the same integrated circuit.
FIGs. 12-18 include illustrations of one embodiment.
FIG. 12 includes an illustration of a cross-section
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35 view of a portion of an integrated circuit 160 that




moved over into the MOS portion 1026. Therefore, the requirenment of

special fabricating steps solely used for 25 naking a bi pol ar trznsi 8U6r2004
can be elimnated. Therefore, there would only be a conpound sem conduct or
borti on anWOL1/5R¥28 portion to the integrated circuit. |n stPCr/USom4Der
2nrbodi ment, an integrated circuit can be fornmed such that it includes an
optical laser in a 30 conpound sem conductor portion and an optical
interconnect (waveguide) to an MOS transistor within a Goup IV

sem conductor region of the same integrated2circuit. FIGs. 12-18 include
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raterials.  sotive region that will be used for photon generation.

15 TUpper mirror layer 170 is formed in a similar manner to
the lower mirror layer 166 and includes alternating films
o£ compound semiconductor materials. In one particular
embodiment, the upper mirror layer 170 may be p-type doped
compound semiconductor materials, and the lower mirror

20 layer 166 may be n-type doped compound semiconductor
materials.

Another accommodating buffer layer 172, similar to
the accommodating buffer layer 164, is formed over the
upper mirror layer 170. In an alternative embodiment, the

25 accommodating buffer layers 164 and 172 may include
different materials. However, their function is
essentially the same in that each is used for makiné é
transition between a compound semiconductor layer and a
monocrystalline Group IV semiconductor layer. A

30 monocrystalline Group IV semiconductor layer 174 is formed
over the accommodating buffer layer 172. 1In one
particular embodiment, the monocrystalline Group IV
semiconductor layer 174 includes germanium, silicon
germanium, silicon germanium carbide, or the like.




Anot her accommodating buffer layer 172, simlar to the accommodatj ng

buffer |layer 164, is formed over the wupper mrror layer 170. In AlIE 2004
alternative enbodi nent, the 25 accomodating buffer |ayers 164 and 172 may

i ncl ude wWofoisogoet materials. However, their function is RCHEMIEPY the
same in that .each is used for making a transition between a conpound

sem conductor |ayer and a nonocrystalline Goup IV sem conductor |ayer. A
30 nonocrystalline Goup IV sem conductor |ayer 174 is forned over the
acconmodating buffer layer 172. In one pa#ticul ar enbodinent, the
monocrystal | i ne GIBuFIGV 1Senitdendad @oxtdan iy proressed ger Rermum
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i5 A monocrystalline Group IV semiconductor layer is
epitaxially Qrown over one of the doped regions 177. An
upper portion 184 is P+ doped, and a lower portion 182
remains substantially intrinsic (undoped) as illustrated
in FIG. 13. The layer can be formed using a selective
20 epitaxial process. In one embodiment, an insulating layer
{(not shown) is formed over the transistor 181 and the
field isolation region 171. The insulating layer is
patterned to define an opening that exposes one of the
doped regions 177. At least initially, the selective
) 25 epitaxial layer is formed without dopants. The entire
selective epitaxial layer may be intrimnsic, or a p-type
dopant can be added near the end of the formation of the
selective epitaxial layer. If the selective epitaxial
layer is intrinsic, as formed, a doping step may be formed
30 by implantation or by furnace dbping. Regardless how the
P+ upper portion 184 is formed, the insulating layer is
then removed to form the resulting structure shown in FIG.
13. ’
"The next set of steps is performed to define the
35 optical laser 180 as illustrated in FIG. 14. The field



field isolation region 171. The insulating layer is patterned to Jdebi Rﬁ ?}@U‘"‘
openi ng that exposes one of the doped regions 177. At least initid My, §

selective 25 epitaxial layer.is formed wi thout dopants. The i
sel ecti veWsM(38%30al | ayer may be intrinsic, or a p-type dgﬁiﬂﬁogéﬁmbe

added near the end of the formation of the selective epitaxial layer. If
the selective epitaxial layer is intrinsic, as forned, a doping step may
be formed 30 by inplantation or by furnac§4doping. Regar dl ess how the P+

upper portion 184 is formed, the insulating |l ayer-is:..th form
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mrror 10 layer 166, respectively, as sho I n FI 14.. Contact 186 s an
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any conbi nat‘?%n%ﬁ% %@%{m@\ fer g’eHeni ng 20 the openings 192, a higher
refractive igRfchcahtErvegurde.-

An insulating layer 190 is then formed and patterned

15 to define optical openings extending to the contact layer
186 and one of the doped regions 177 as shown in FIG. 15.
The insulating material can be any number of different
materials, including an oxide, nitride, oxynitride, low-k
dielectric, ‘or any combination.thereof. After defining
20 the openings 192, a higher refractive index material 202
is then formed within the openings to fill them and to
deposit the layer over the insulating layer 190 as '
illustrated in FIG. 16. With respect to the higher
refractive index material 202, "higher®" is in relation to
25 the material of the insulating layer 190 (i.e., material
202 has a higher refractive index compared to the
insulating layer 190). Optionally, a relatively thin
lower refractive index film (not shown) could be formed
before forming the higher refractive index material 202.
30 A hard mask layer 204 is then formed over the high
refractive index layer 202. .Portions of the hard mask
layer 204, and high refractive index layer 202 are removed
from portions overlying the opening and to areas closer to

the sides of FIG. 16.



is then formed within the openings to fill themand to deposit the gfy
over the insulating layer 190 as illustrated in FIG 16. Wth resy® A@@ 2004
the higher refractive index material 202, "higher” is in relation to 25

t he mat erw@o1gbszohe insulating layer 190 (i.e., material RBROZUSMO4209hi gher
refractive index conpared to the insulating layer 190). Optionally, a
relatively thin lower refractive index film (not shown) could be forned
before form ng the higher refractive index material 202. 30 A hard mask

| ayer 204 is then forned over the high r¥ractive index |ayer 202.
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‘identify that both are made of the same material but are

15 formed at different times.

Processing is continued to form a substantially
completed integrated circuit as illustrated in FIG. 18. A
passivation layer 220 is then formed over the optical
laser 180 and MOSFET transistor 181. Although not shown,

20 other electrical or optical connections are made to.the
components within the integrated circuit but are not
illustrated in FIG. 18. These interconnects 'can include
other optical waveguides or may include metallic

j interconnects. _

25 In other embodiments, other types of lasers can be
formed. For example, another type of laser can emit light
{photons) horizontally instead of vertically. If light is
emitted horizontally, the MOSFET transistor could be
formed within the substrate 161, and the optical waveguide

30 would be reconfigured, so that the laser is properly
coupled (optically connected) to the transistor. In one
specific embodiment, the optical waveguide can include at
least a portion of the accommodating buffer layer. Other

configurations are possible.
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compound semiconductor materials with other components
that work better in Group IV semiconductor materials.

This allows a device to be shrunk, the manufacturing costs
to decrease, and yield and reliability to increase.

Although not illustrated, a monocrystalline Group IV
wafer can be used in forming only compound semiconductor
electrical components over the wafer. In this manner, the
wafer is essentially a "handle" wafer used during the
fabrication of the compound semiconductor electrical
components within a monocrystalline compound semiconductor
layer overlying the wafer. Therefore, electrical
components can be formed within III-V or II-VI
semiconductor materials over a wafer of at least
approximately 200 millimeters in diameter and possibly at
least approximately 300 millimeters.

By the use of this type of substrate, a relatively
inexpensive "handle" wafer overcomes the fragile nature of
the compound semiconductor wafers by placing them over a
relatively more durable and easy to fabricate base
material. Therefore, an integrated circuit can be formed
such that all electrical components, and particularly all
active electronic devices, can be formed within the
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wafer is essentially a "handl e" wafer used during the fabrication of th(ﬁ
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various nodifications an e w't hout partl%%fromthe
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above with @%yﬂﬂjfﬁ)éﬂgxéiéfhs below. Accordingly, the specification
and figures are to be regarded in an illustrative rather

15 than a restrictive sense, and all such modifications are
intended to be incliuded within the scope of preéent
invention.

Benefits, other advantages, and sclutions to problems

have been described above with regard to specific

20 embodiments. However, the benefits, advantages, solutions
to problems, and any element (s) that may cause any
benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical,
required, or essential feature or element of any or all

25 the claims. As used herein, the terms "comprises,"
"comprising," or any other variation thereof, are intended
to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of
elements does not include only those elements but may

30 include other elements not expressly listed or inherent to

such process, method, article, or apparatus.



20 enbodi nents. However, the benefits, advantages, solutions to prob egﬁp 2004
and any el enent(s) that may cause any benefit, advantage, or sol uto

occur or beconme nore pronounced are not to be construed as a critical,
requi red, wooesmenti al feature or element of any or all 25ndwusthmure. As
used herein, the terns "conprises,”" "conprising Hor any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a
process, nethod, article, or apparatus that conprises a list of elenents
does not include only those elenents but mgy 30 include other el enments not
expressly listed or inherent to such prﬁgggg nmet hod, article, or
apparatus. 73AURO4 WO 01/ 59820 PCT/ USO 38 CLAIMS 1. A

sem conductor structure conprising: a nonocrystalline silicon substrate; 5

an anor phous 10xi dex NBéR] tShARNESEYEPPulbEre "BBRAPLY LAY Ne silicon
substrate; a nonocrystalline perovskite oxide naterial overlying the

amor phous oxi de net FPRPSTYFER Bl Hed ot Liean| FHBSEEAPSEnd seni conduct or

material 510 over Igh ngndfighdd 0S% Y& ahat S£iRET evekLyengxite material . 2.
The sem conduct or strégifre of.f%a|n1| wherein the nonocrystalline silicon

substrate i s "GP ¢ 1R 11998) SWPPEERFSA. 15 3. The seni conduct or
structure of clai m lndnodhestaXhirps i serovskieapbai de | ayeeriald reddyciyiaed

the nonocry | 1 | ' {%igr' and the nonocrystalline
conpound sen?%%nSUctgr %§¥2¥%ﬁng@%#%% [ é@%icpnductor structure of claim
1 further conpri 8 MgreaxYEttal lme dapaindrotptigendictar masairdedduct or
mat eri ah o or 5B DGR R Hh G dRNAY M Bl {dd e ROV OV Sk t 8x P4k RalRYSH !l and
t he nonocrystalli he Conpound
2. The semiconductor structure of claim 1 wherein the
monocrystalline silicon substrate is orientated in the

(100) direction.

15
3. The semiconductér structure of claim 1 further
comprising a template layer formed between the '
monocrystalline perovskite oxide material and the
monocrystalline compound semiconductor material.

20

4. The semiconductor structure of claim 1 further
comprising a buffer material of monocrystalline
semiconductor material formed between the monocrystalline
perovskite oxide material and the monocrystalline compound

25 semiconductor material.

5. The semiconductor structure of claim 4 further
comprising a template layer formed between the
monocrystalline perovskite oxide material and the buffer

30 material.

6. The semiconductor structure of claim 4 wherein the
buffer material is selected from the group consisting of:
Germanium, a GaAs,P, , superlattice

35



25 sem conductor material. 5. The sem conductor structure of clainwg 3 AUG 2004
urther conprising a tenplate |ayer fornmed between the nonocrystalline
verovskite oxide material and the buffer 30 material. 6. The sem conduct or
5t ruct ur evoforsesadm 4 wherein the buffer material is sel e®CEEPOVBHRP he

jr oup consi sting of: Germanium a GaAs,Pl_, superlattice } 35 1. 3 AUQ 2
D4 WD 01/59820 PCT/ USOL/ 04209 39 where x ranges fromO to 1, an InY&l _yP
superl attice where y ranges fromO to 1, and an InGaAs superlattice. 5 7.
'he sem conductor structure of claiml ws=ein the nonocrystalline
perovskite oxide material is selected from the group consisting of:

al kaline earth netal titanates, alkaline earth netal zirconates, alkaline
€

|

1 (A (D T =—h N

rarth metal 10 hafnates, alkaline earth netal tantal ates, alkgline earth
retal ruthengh&pe #l kahyas eavinhonebal, nanbangss, A laipewlatticd whene

anadat es, alkaline earth al . tip haged VSKbLeS o tltdidchanum
al uni nat e, éﬁdr?%ﬂ?ﬁaﬁﬁﬁnggﬁﬂiﬁh1aB@i%g.lﬁgggg %ﬁg sem conduct or structure
of claingl wherein the nonocrystalline perovskite oxide material conprises

SroBal _ ZTIfB Whgnel Dogs LaRGSSE S OBt fubbude 8P Slaliicysmeseidh e

structure of  tlai'm r monocrystal | i ne ¢cogpqund seni co gyctor
material i s momberystallibnetbergyskpteopside; mgteriat Fﬁvs«’?ar?ﬁ&&ﬁﬂ -TOH xed
| 11-V conpoyngs, gtdugf! c6REPLINS  ofNdalkXBind| eXithcospalnds.tatatils, The

S O O ik arih metul" 2i7EShSL8s! "§11HPIRE" ¥aLAN tWag0mpound

10 hafnates, alkaline earth metal tantalates, alkaline earth
metal ruthenates, alkaline earth metal niobates, alkaline
earth metal vanadates, alkaline earth metal tin based
perovskites, lanthanum aluminate, and lanthanum scandium

oxide.

15
8. The semiconductor structure of claim 1 wherein. the
monocrystalline perovskite oxide material comprisgs Sr.Ba,._
,Tio, wherein z ranges from 0 to 1.

20 9. The semicondu&tor structure of claim 1 wherein the
monocrystalline compound semiconductor material is
selected from the group consisting of: III-V compounds,
mixed III-V compounds, II-VI compounds, and mixed II-VI

) compounds.

25

10. The semiconductor structure of claim 1 wherein the
monocrystalline compound semiconductor material is
selected from the group consisting of: GaAs, AlGaAs, InP,
InGaAs, InGaP, ZnSe, AlInAs, CdS, CdHgTe, and ZnSeS.

30




selected fromthe group consisting of: GaAs, Al GaAs, InP, |nGAs, |InGaP,
ZnSe, AllnAs, CdS, CdHgTe, and ZnSeS. 30 ;- 3 AU G 2904 WO 01/598203 AUG 2004
9 f ‘

PCTI US01/ 04209 40 11. A sem conductor structure conprising: a
nmonocryst VP& Abstrate characterized by a first |atticePEbHSIHR 5 3
nonocrystalline insulator |ayer having a second lattice constant different

than the first lattice constant overlying the nonocrystalline substrate;
an anor phous oxi de | ayer between the nonocrystalline substrate and the
monocrystal line insulator |ayer; and 10 a fi®nocrystalline conpound

sem conductor |ayer having a third lattice constant different than the

first |atticellconat aemievaahyites @t&d&ﬁl&@éy&@ﬂ%ﬁégsul a}EOf | ayer; |
0 be One of : 15 equal to

wherein the second_lattice constant is_selected _ >

the third lattice 80H‘8P8ﬁﬂ’sgﬂ3 1ng: SRSkt (FRa¥acteriaedt byr @ ifdmste

constant. 12.l8htisencoostanter structure of claim 11 wherein the 20 .
direction. 13. The

nonocrystal | i ne subs .S, ortentated i.n the (100
senicondu%tor stry%thégagfygngk%Tf FREHdAT A LAY IMGERY o2 8ESPEGer has
a thickness slattirenconstastrdifferentr aibmrn rthHéef imstoclyst abki Benstant

nsulator |aygierdfingehs SOABLYGERT 1l Sl Be gl aim 11 Furt her
conprising a tenplate | ayer between € nonocrys atilhe I nsul ator | ayer
and the nonocryst #71 i #BCERRYGE ek Bde sdavesndetmsen dhw mdociyietalline

sem conduct orsugtieitss eatd R mdddciyEEA8N i neO TR SINBA Péf/k}éff Layer

bet ween e nonocrystalline insulator |ayer. and the nonocrystallrne
conpoun 5 semic (ﬂRHQﬁrH%gﬂ%.lne compound semiconductor "layer having
a third lattice constant different than the first lattice
constant overlying the monocrystalline insulator layer;
wherein the second lattice constant is selected to be one

of:
15 equal to the third lattice constant; and
intermediate the first and third lattice.

constant.

12. The semiconductor structure of claim 11 wherein the
20 . monocrystalline substrate is orientated in the (100)
direction.

13. The semiconductor structure of claim 11 wherein the
amorphous oxide layer has a thickness sufficient to
25 relieve strain in the monocrystalline insulator layer.

14. The semiconductor structure of claim 11 further
comprising a template layer between the monocrystalline
insulator layer and the monocrystalline compound

30 semiconductor layer.

15. The semiconductor structure of claim 11 further
comprising a buffer layer between the monocrystalline
insulator layer and the monocrystalline compound

35 semiconductor layer.




j- 3 AUG 2004 WO 01/59820 PCT/ US01/ 04209 41 16. The sem conductor structure
of claim 1l wherein the 5 nonocrystalline substrate is characterwqup@m ann4
first crystalline orientation and the nonocrystalline insulator [layer is
char act erywgard/sbgrea second crystalline orientation and whepernsédazeecond
crystalline orientation is rotated wth respect to the first crystalline
orientation. 10 17. The sem conductor structure of claim 11 wherein the
monocrystalline substrate conprises silicon. 18. The sem conduct or

structure of claim 1l wherein the 15 nonocrystalline substrate conprises a
material conprising silicon, the nonocrystalline insulator conprises an

al kaline earth netal titanate and the nonocrystalline conpound

sem conductor naterial conprises a material selected fromthe group
consisting of: GaAs, Al GaAs, ZnSe, 20 and ZnSeS. 19. The sem conduct or
structure of claim18 wherein the nonocrystalline insulator |ayer

conpri ses SrBal ZﬂhﬁxﬁawmmendECtangstrﬁcbnre pd tladm 20, whssresignitdemduct or

q
I
I
f

structure Ofm&{ £LE1 E?EQEraEBnQSQSﬁ%%lalc't'é‘i‘ﬂié%” gcf kfa:'%yne earth

,OITpI‘I ses an OXI ect ed romthe %E consistin
retal  zi rcm%alw LRienpRt dant AnFeERP W&Pﬁ’é’tré’§ta'§4d-3{% iggpulator

1Dn0nySta”ldyéﬁQﬂPQMMké@fﬁﬁﬂﬁéacb?ra|§¥@bnﬁoE&&@%ﬁiﬁinéﬂaﬁﬂéﬁﬁaﬁiﬁﬁcted
romthe group (}{15|sllntqh | nP_and Inﬁ\
d wherein e second crystalline orlentatlon is rotated
with respect to the first crystalline orientation.
10 S
) 17. The semiconductor structure of claim 11 wherein the
monocrystalline substrate comprises silicon.

18. The semiconductor structure of claim 11 wherein the
15 monocrystalline substrate comprises a material comprising
silicon, the monocrystalline insulator comprises an
alkaline earth metal titanate and the monocrystalline
compound semiconductor material comprises a material
selected from the group consisting of: GaAs, AlGaAs, ZnSe,

20 and ZnSeS.

19. The semiconductor structure of claim 18 wherein the
monocrystalline insulator layer comprises Sr Ba, ,TiO, where
) z ranges from 0 to 1.

25
20. The semiconductor structure of c¢laim 11 wherein the

monocrystalline insulator layer comprises an oxide
selected from the group consisting of alkaline earth metal
zirconates, and alkaline earth metal hafnates and the

30 monocrystalline compound semiconductor layer comprises a
material selected from the group consisting of: InP and
InGaP.
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